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I. INTRODUCTION 
Diversity exploration of the most important biosphere components, flora and 
vegetation, is one of the main targets in biological sciences today. The analysis of 
spatial and phytosociological structures of vegetation can reveal important stages 
of its formation and future dynamics. 
The object of this study is the terrestrial ecosystem of Lake Baikal enlisted 
by UNESCO as the World Heritage Site. Lake Baikal organic world have always 
attracted scientists from all over world. The first phytosociological and floristic 
data were obtained in the XVIIIth century in the expeditions of J.J. Gmelin (1736-
1737), G.W. Stöller (1739-1740), and J.G. Georgi (1772-1774). In the XIXth 
century, the most important contribution was made by a Russian botanist, N.S. 
Turchaninov (1842-1845), who was the first to systematize all the available data on 
the Baikal-Dahurian flora.  
The Soviet period is considered to be the dawn of Baikal Siberian botany. 
We highlight the studies that have the fundamental value in Russian botany today. 
V.N. Sukachev (1942) introduced phytosociology as a branch of vegetation science 
to the Soviet botany. M.G. Popov (1957) wrote the first guideline-book for the 
species identification of the Central Siberia. L.N. Tulina (1976) researched the 
vegetation dynamics along an altitudinal gradient in Baikal Siberia. L.V. Bardunov 
(1966, 1969, 1978, 1990) revealed moss flora of Baikal Siberia; N.A. Epova 
(1960) investigated the vegetation of southern Baikal. L.I. Malyshev and G.F 
Peshkova (1984) constructed the genesis of the Baikal Siberian flora and published 
multivolume guideline for the species identification.  
In the present botany, we make a point of the studies of Anenkhonov & 
Chytrý (1998), Anenkhonov et al. (2001), and Anenkhonov (2015), who explored 
the present flora and vegetation of the complex Baikal Siberian ecosystem and 
classified the forest vegetation. T.D. Pykhalova (1999) listed the Ulan-Burgasy 
mountain range flora (central Baikal area). Zh. B. Alymbaeva (2005) revealed the 
spatial highlands structure of the Khamar-Daban and the East Sayan (southern 
Baikal area). T.G. Baskhaeva (2003) researched the forest-steppes of the 
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Barguzinskii highlands. L.V. Krivobokov (2013) studied the vegetation of the 
Ikatskii mountain range. D.G. Chimitov (2006) made the Tsagan-Daban flora 
synopsis (southern Baikal).  
The enumerated list of phytosociological studies is mostly performed by 
means of the Braun-Blanquet approach (Westhoff & Van der Maarel 1973). Today, 
the Braun-Blanquet approach is worldwide accepted method for the classification 
of vegetation data. While processing the phytosociological classification we 
followed the studies of the leading Siberian and European phytosociologists 
(Anenkhonov & Chytrý 1998; Anenkhonov et al. 2001; Anenkhonov 2015; 
Lapshina 2010; Dulepova 2012, 2014, 2015; Dulepova & Korolyuk 2016; Chytrý 
et al. 1995; Valachovič et al. 2002).  
With the global computerization during the past decades more formal 
statistical approaches have been applied for obtaining an objective 
phytosociological classification (Hill 1979; Tichý & Holt 2006; RStudio Team 
2015). Currently, the most applied approach for phytosociological data analysis is 
unsupervised classifications, especially, TWINSPAN method (Hill 1979, Rolešek 
et al. 2009). The main idea of TWINSPAN is a division of dataset into clusters 
based on the occurrences of the same set of species in the same set of samples. 
Commonly, obtained results are followed by a routine interpretation, such as 
comparing the obtained clusters to the literature, the nomenclature of new clusters, 
and classifying them according to phytosociological hierarchy. However, the main 
disadvantage of such an unsupervised approach is changes, which may appear after 
rerunning the classification by adding new relevés into a dataset (Bruelheide & 
Chytrý 2000). Normally, phytosociologists study large areas for a long period of 
time, which leads to an annual addition of new relevés into their datasets. Due to 
these inconvenient changes, supervised approaches are becoming popular among 
phytosociologists (Černá & Chytrý 2005; Van Tongeren et al. 2008; Tichý et al. 
2014; Al-Harbi & Rayword-Smith 2006; Finley & Joachims 2008). From our point 
of view, the rapid attractiveness of supervised techniques deals with the 
classification process, which represents the assignation of new unidentified 
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vegetation data to a priori classified vegetation units (Černá &Chytrý 2005). We 
consider this method crucial, especially, for areas with available comparable 
vegetation data. 
Thus, despite the large amount of information about Baikal Siberian 
vegetation, the territory of our interest has not been studied yet. For this reason, the 
aim of the current research is to study diversity of the natural terrestrial 
vegetation and its spatial structure within the central zone of Lake Baikal eastern 
coast. In order to achieve the aim, we need to answer the following questions: 
1. What is the flora composition? Can we consider it unique? 
2. What is the phytosociological composition of the vegetation? How does it 
change with an elevation and a soil type? 
3. Can supervised k-means method help with the phytosociological 
classification? 
4. What soil types are related to specific vegetation communities? 
5. What hierarchical units of the phytosociological classification can be 
detected by the supervised method of an image classification SPOT 6 with the 
resolution 1.5 m? How accurately the classification can be performed?  
Selecting the area to study we hypothesize that this complex territory can be 
considered as a model biome that adjoins Lake Baikal central zone in the east. 
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II. STUDY AREA 
II.1. Location  
The territory under study is located in the central zone of Lake Baikal 
eastern coast (Fig.1). The territory belongs to Pribaikal and Barguzin districts and 
lies between villages of Goryachinsk and Maximikha. The major landscape is 
composed of forests complicated by the bogged valleys of the rivers 
Cheremshanka, Talovka and Bezymyanka. The Katkovskaya and Chernaya Griva 
mountains range stretch to the north-east. The mountain system is low and medium 
altitudinal with absolute maximum of 1306 m. The present landscape was formed 
by Cenozoic tectonic movements and denudation processes (Florensov 1974). The 
shoreline is formed by water accumulative activity and aeolian processes. 
 
Fig. 1 Studied area 
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II.2. Geology 
According to the physical-geographical regionalization, the studied area 
belongs to the mountain system of South Siberia (Platov et al. 2009). This vast 
territory is located deep inside of the Eurasian continent in a significant distance 
from the oceans. South Siberian mountains are composed of Archean mountain 
rocks and have a complicated tectonic structure. Within South Siberia, the studied 
territory belongs to Baikal zone and Barguzin province. Barguzin province 
includes all mountain systems that stretch parallel to Lake Baikal in the east. The 
province starts from the south-eastern medium altitudinal mountain range Ulan-
Burgasy (1700 m), which stretches to the north-east up to the Barguzinskii (2840 
m) and Ikatskii mountain ridges (2100-2400 m). The Katkovskaya range is 
predominantly medium altitudinal mountain system, which slopes steeply to Lake 
Baikal coast or the intermountain basins composed of unconsolidated Cenozoic 
sediments (Logachev 1977). 
Morphologically, the studied area is divided into two parts. The eastern part 
is located in the vicinity of Goryachinsk village and represents the western gentle 
slope of low altitudinal mountain Chernaya Griva. Relatively plain landform 
represents forest landscape complicated by bogged valleys of the Cheremshanka 
and Talovka rivers. Due to the plain landform, wetlands are found only in this part 
of the studied area. They occupy relatively large territories and form on Holocene 
lacustrine-boggy and lacustrine sediments represented by sands, sandy clay, silty 
sands, as well as peat (Pronin & Ubugunov 2013). In addition, the plain landform 
and the presence of thick Holocene lacustrine sediments result in aeolian 
processes. Aeolian landforms are represented mostly by sand dunes and beaches.  
The second part of the area includes the Katkovskaya mountain range. It has 
relatively flat and soft dome-shaped summits, which were flattered after long-term 
denudation. The slopes exposing to Baikal are slightly steep; however, they do not 
form rock ledges. The Katkovskaya range does not have valleys that cut the 
mountain; however, it has a net of mountain creeks flowing into the intermountain 
basins. The parent material of the Katkovskaya range is early Paleozoic intrusions 
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of Vitikamskii complex composed of fine and medium-grained leucocratic and 
biotitic granites, granosyenites (Pronin & Ubugunov 2013). For Baikal Siberia, 
parent material of felsic rocks, such as granites and granosyenites, are the most 
dominant (Tsybzhitov & Ubugunova 1992). Weathering products of granites and 
granosyenites are the main materials of Baikal Siberian soils. Due to their acidic 
mineral composition most of the soils within forest communities have acidic pH 
(Gyninova et al. 2014). 
 
II.3. Climate 
Eastern Siberia is predominantly characterized by continental climate 
features. In comparison with the areas at the same latitudes, Eastern Siberia differs 
by the coldest winter, the warmest summer, and the lowest amount of precipitation 
(Alisov 1956). However, Lake Baikal mitigates continentality, which results in the 
area acquiring the features of marine climate.  
For a more detailed description of Lake Baikal climate, we refer to 
Ladeischikov’s climatic zonation (1976, 1982). He classified Baikal basin climate 
into three latitudinal climatic areas: Southern, Central, and Northern. Transitioning 
from the south to the north, the main climatic indexes decrease, and, in contrast, 
continentality increases. The studied area belongs to the Central climatic zone, 
which is characterized by moderately cold summer (mean June +9.20C, mean July 
+130C) and warm winter (mean January -18.70C). The duration of a frostless 
period is 70-80 days. The precipitation increases transitioning from the coast to the 
mountains (547 mm – 700-800 mm). In winter, the amount of precipitation 
influences the thickness of snowpack. With high altitudes, the snowpack increases, 
that prevents the soil freezing. As a result, dark-coniferous forests are preserved at 
high altitudes of 900-1200 m a.s.l. These precipitation features form the specific 
humid Baikal type of vegetation zonality (Tulina 1976).  
The continental climate of Baikal area is determined by the distance from the 
oceans, the height above sea level, and the complex landscape structure. The 
following climatic characteristics are summarized the long-term data of the 
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Goryachinsk meteorological station (Tulokhonov et al. 2008, Pronin & Ubugunov 
2013).  
 Spring starts in the middle of the second decade of April and lasts almost 
for two months until temperature exceeds +150C. The spring is moderately humid 
(40-60 mm). The mean temperature is +5.50C. The last spring freezing weather is 
observed from May, 23 till May, 28. The vegetation period starts within May, 5 
and May, 19 since the mean daily temperature is above +50C. 
Summer starts at the beginning of the second decade of June and lasts for 
about two months. The mean precipitation value is 160-170 mm. The mean daily 
temperature is +15.30C.  
Autumn starts at the beginning of the third decade of August and lasts for 
about two months. The mean precipitation value is 80 mm. The mean daily 
temperature is +70C. The first autumn freezing weather is observed by September, 
17/18.  
Winter starts at the beginning of the third decade of October and lasts for 
about six months finishing with the temperature rising up to 00 C and above. The 
daily mean temperature is below -150C, it lasts for 80-85 days. The thickness of the 
snowpack is around 40 cm at the coast. It starts forming from the end of October 
and the middle of November till the end of March and the beginning of April (till 
the beginning of May in the coldest years). The mean January temperature is -
19.30C.  
The north-western winds are dominant on the eastern coast. The mean 
annual speed is 3.3m/sec. In autumn and winter, the speed can increase from 3.2 to 
6.4 m/sec. The wind with the speed over 15 m/sec occurs 33-37 days a year. 
According to the geocryological zonation, the studied territory has an island 
distribution of permafrost (10-15% of the area, from 1m to 50 m deep) within 
Baikal geocryological zone (Ershov 1989). 
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II.4. Vegetation Evolution in the Eastern Coast of Lake Baikal 
According to the pollen-based reconstruction of the Baikal terrestrial biome, 
the coniferous vegetation of the studied forest in the eastern coast is formed in 
Preboreal stage (10.5 ka) of the Holocene epoch (Bezrukova et al. 2002; Tarasov et 
al. 2005, 2009; Belov et al. 2006; Pelánková 2008). Based on the pollen analyses 
of Lake Kotokel Sphagnum bogs (Lake Baikal central zone, to the south-west of 
the studied territory), the vegetation evolution is reconstructed throughout the Last 
Glacial Maximum and the Holocene epoch (Tarasov et al. 2009; Bezrukova et al. 
2007, 2010, 2011, 2013; Shichi et al. 2009; Kostrova et al. 2013, 2014; Mueller 
2014; Reshetova et al. 2013). Numerous studies of pollen records have either 
qualitative (flora composition, vegetation) or quantitative (temperature, 
precipitation, etc.) aspects. In this chapter, we review the available data of pollen-
based studies to describe the vegetation fluctuations within the period from the 
Late Glacial Period to the present day.  
Open herbaceous vegetation communities were dominant in the eastern coast 
from the Last Glacial Maximum (26.8 ka-19.1 ka) to the beginning of the Late 
Glacial period (15.0 ka-14.5 ka). Open vegetation had a steppe-tundra 
physiognomy. The most dominant taxa were species of Asteraceae, Cyperaceae, 
Poaceae, Ranunculaceae, Lamiaceae families, dwarf willows, and birches (Mueller 
et al. 2014, Tarasov et al. 2009, Bezrukova et al. 2002). During the Last Glacial 
period, the mean temperature of January and July were -320C and +120C (Shichi et 
al. 2009; Tarasov et al. 2005). In the period of 14.7 ka-14.8 ka, arboreal pollen 
increased by 25%. This period coincided with the Bølling-Allerød Interstadial, 
which is characterized by more warm and moist conditions at the end of Late 
Glacial (Tarasov et al.2009; Belov et al. 2005; Bezrukova et al. 2008). However, in 
the period of 14.5 ka-13.4 ka, the rapid wood expansion extremely declined to 10% 
of the total plant coverage. Herbaceous species underwent the same decrease, 
presumably, due to the dominance of shrubbery vegetation, such as dwarf birch, 
heath, willow, and alder. The landscape returned to the open vegetation community 
acquiring more tundra physiognomy. Such a rapid alteration of the biome was 
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caused by the temperature decrease during this period, the mean summer and 
winter temperatures were +120C and -380C respectively (Demske et al. 2005; 
Tarasov et al. 2005, 2009). During the period of 13.5 ka-11.5 ka, the climatic 
fluctuations resulted in the landscape successive changes. Between 13.3 ka-12.8 ka 
and the end of Allerød Interstadial, again due to the temperature increase, the 
massive distribution of wood took place (by 25%), particularly, spruce pollen 
increased up to 68%. The Allerød Interstadial climatic conditions had similar 
temperatures to the temperatures of the present Baikal area. The landscape had a 
forest aspect with the dominance of spruce, larch and birch. However, in the period 
of 12.8 ka-11.5 ka, tundra species invaded, and only 10% out of 25% Allerød 
Interstadial wood species remained (Demske et al. 2005; Bezrukova et al. 2007; 
Tarasov et al. 2005). By 11.5 ka-10.5 ka tundra and forest coverage was equal. 
Finally, after 10.5 ka, taiga aspect became more prominent. In the period from 10.5 
ka, boreal coniferous taiga biome was dominant with stands of Siberian pine, scots 
pine, fir, birch, less larch and spruce. Later on, the decrease of spruce forests 
occurred due to climate aridization. By this time, coniferous taxa comprised 50% 
of all pollen records (Belov et al. 2005). In addition, 10.5 ka period was identified 
as a starting point of Pinus sylvestris wide expansion. Besides coniferous pollen, 
birch and alder pollen remained sufficiently abundant. Within 10.5 ka-7.0 ka 
period, temperatures were progressing towards present-day temperatures. The 
mean temperature in July was +170C-180C, and in January, it was -190C. After 5.6 
ka, due to the decrease of cyclonic activity, the area of fir forests diminished, and 
the dominant taiga tree species were Siberian and scots pines (Belov et al. 2005).  
Throughout the Last Glacial Maximum and the Holocene, two wood 
vegetation expansions occurred. The first occurred in the Bølling-Allerød 
Interstadial, and the second was the final expansion that occurred in the Preboreal 
stage of the early Holocene. The forest vegetation expansion within 26.8 ka-10.5 
ka was caused by the climatic fluctuations, such as increasing temperatures and 
precipitation. Belov (2005) considers fir and larch forests that invaded Baikal area 
at the boundary between Pliocene and Pleistocene epoch to originate from the 
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North Asian coniferous-nemoral forest complex. He considers these forests as the 
most ancient and autochthonous vegetation types. In the late Pleistocene and the 
early Holocene, despite the dominance of tundra and steppe biomes, spruce and 
larch were dominant in the forest vegetation. The rising continentality during 
Holocene led to the expansion of Siberian pine, and scots pine, larch forests, while 
dark-coniferous communities localized in humid areas. Generally, the present 
diversity of the plant communities within eastern coast is highly determined by 
Lake Baikal water body. In comparison with the western coast, the eastern coast of 
Lake Baikal is characterized by more humid climatic conditions due to the western 
atmospheric transport, which results in the eastern coast preserving the most 
diverse dark-coniferous types of forest and the major massifs of Baikal Siberian 
wetlands. In contrast, being drier, the western coast is covered by pine-larch forests 
mixed with vast areas of steppes (Belov 2005). 
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III. MATERIALS AND METHODS 
III.1. Flora Analysis 
The flora analysis included collected data from the field summer seasons of 
2015-2016. Species identification was performed by the author with the great help 
of Candidates of Biological Sciences Zh. Alymbaeva (Baikal Institute of Nature 
Management, Laboratory of Geoecology) and E. Pyzhikova (Buryat State 
University, Department of Botany). Identification of vascular plants was performed 
by means of the key to plants of Buryatia (2001) and Siberia (1987-1998). Moss 
species were identified by bryologist, Candidate of Biological sciences D. 
Tubanova (Buryat Scientific Center, Laboratory of floristics and geobotany). The 
nomenclature of vascular plant, moss, and lichen species followed The Plant List 
(2013) and Catalogue of Life (Roskov et al. 2017). 
In order to define the geographical areas and zonal/azonal groups of the 
flora, we used the subdivision scheme of vascular plants developed by Soviet 
botanists L. Malyshev and G. Peshkova (1984): 
geographical areas 
Circumpolar (CP) – species, which occur within Holarctic region; 
American-Asiatic (AA) – species, which predominantly occur in the North 
Asia and North America;   
Eurasian (EA) – species, which occur within a wide Eurasian area; 
Euro-Siberian (ES) – species, which occur in Europe and Siberia; 
Asian (As) – species, which occur within Asian continent, however do not 
occur in Europe; 
North Asian (NA) – species, which occur in the North Asia with the western 
border along Ural mountains and the southern border along the Northern 
Mongolia;  
South Siberian-Mongolian (SS) – species, which occur in the mountains of 
the south of Siberia and the Northern Mongolia; 
Manchuria-Dahurian (MD) – species, which occur within the northern 
Transbaikal, the north-eastern China and Mongolia;  
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Central Asian (CA) – species, which main area lies within the Central Asia; 
North-Eastern Asian (NEA) – species of Pacific areas;  
East Asian (ESA) – species, which occur in the south of Far East, the eastern 
Mongolia and the north-eastern China.  
Endemic (EN) – species, which occur only within Baikal Siberia;  
Anthropophyte (ATP) – species, which occur in areas of anthropogenic 
influence;  
zonal/azonal groups 
LC – light coniferous, DC – dark coniferous, PB – preboreal, FS – forest-
steppe, MS – mountain-steppe, ST – steppe, DS – desert-steppe, AL – alpine, TA– 
tundra-alpine, MF – mountain-forest, M – meadow, FP – flood plain, AQ – 
aquatic, Mi – wetland. 
Today, their scheme with ecological affiliation and geographical distribution 
of species is widely used by Siberian botanists (Pykhalova 1999; Baskhaeva 2003; 
Alymbaeva 2005; Chimitov 2006; Krivobokov & Zverev 2013). The main 
principle is based on grouping species according to specific ecological habitats, 
altitudinal belts and floristic centers of species formation (Malyshev & Peshkova 
1984).  
The flora synopsis includes the list of all registered species with their 
ecological affiliation within the studied area (see Appendix 5). Families and genera 
are allocated according to the Engler system (Anenkhonov et al. 2001). 
 
III.2. Analysis of the Phytosociological Composition of the Vegetation 
III.2.1. Data Collection 
The data collection included several subsequent stages:  
Preliminary reconnaissance was the first preparative setup. We planned the 
future field sampling itinerary based on the satellite image SPOT 6. Also, due to 
the complicated landscape we did several car trips along the Lake Baikal coast to 
plan possible logins. 
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Field work was the second stage. We covered the studied territory by the 
even net of routes (Fig.2). The itinerary was planned in such a way that it covered 
a wide variety of habitats. The most diverse part of the studied area is the western 
plain area near Goryachinsk village so that the biggest number of relevés was 
performed there. In the mountain range, the transects were done along the 
altitudinal gradient to track the vegetation changes at the different altitudes.  
  
Fig.2 Sampling plots: 1 – the overview of all plots; 2 – the western part of the studied 
area (near to Goryachinsk village); 3 – the central part of Katkovskaya mountain range; 4 – the 
eastern part of the studied area (near to Maximikha village). 
 
Each relevé was performed in the most typical vegetation plots which were 
randomly chosen by the author in the field. 127 relevés were performed in the 
central zone of the Lake Baikal eastern coast during summer seasons of 2015, 
2016, and 49 relevés were performed in 2013, during the field work of the master 
program. In 2013, during the master program the author had the field excursion at 
Lake Baikal near Goryachinsk village where she collected the data for the course. 
The quality of the dataset is satisfactory so that it is additionally used in the current 
1 2 
3 4 
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study. The relevés were described on the plots of 20 m2, mostly for sand and 
wetland communities, and on the plots of 30 m2 for forest communities (Westhoff 
& Van der Maarel 1973; Chytrý & Otypkova 2003). We recorded all the species of 
vascular plants, ground-dwelling bryophytes and macrolichens. We used seven-
degree Braun-Blanquet cover abundance scale – r: < 1 %, +: 1–4 %, 1: 5–9 %, 2: 
10–24 %, 3: 25–49 %, 4: 50–74 %, 5: 75–100 % (Westhoff & Van der Maarel 
1973). 
Data processing was the final stage (it will be described in more details in 
the next subchapter). After analyzing the final database, nine outlier relevés were 
removed, and they were not used in the supervised k-means classification. Three 
relevés were removed due to the aim of the research to study the natural vegetation 
diversity. However, we performed three relevés in deforested areas to have data of 
their floristic composition (Table 1). 
Table 1. Removed relevés in deforested areas  
Species name layer 1 2 3 
Date  18/07/2015 
Latitude  53.097771 53.119735 53.116466 
Longitude  108.33405 108.36483 108.36349 
Height, m  569 564 596 
Plot size, m2  20 
Amoria repens hl 3 2 2 
Artemisia vulgaris hl 1 2 2 
Campanula turczaninovii hl 1   1 
Carex vesicaria hl 1   1 
Chamaenerion angustifolium hl 3 2 3 
Equisetum arvense hl 2     
Leucanthemum vulgare hl 1 3 3 
Linaria vulgaris hl 1 2 1 
Phleum phleoides hl 1 1 1 
Pleurospermum uralense hl 2   1 
Stellaria graminea hl 1   1 
Tanacetum vulgare hl 2 1 2 
Lathyrus humilis hl   1   
Rubus arcticus hl   1   
Trifolium pratense hl   2 2 
Vicia cracca hl   2 2 
Achillea millefolium hl     1 
Elymus mutabilis hl     1 
Phlojodicarpus villosus hl     1 
Potentilla argentea hl     1 
Potentilla norvegica hl     2 
Senecio nemorensis hl     1 
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Continuation of Table 1. 
Larix sibirica t2     1 
Betula pendula t2   1   
Pinus sylvestris t2   1   
Populus tremula t2   1   
Duschekia fruticosa s2     1 
Vaccinium uliginosum s2 3     
 
Other three relevés were removed due to the incorrect data collection and 
plot boundaries (Table 2). Describing the aquatic communities according to the 
Braun-Blanquet approach, the species of shrub and tree layers should not be listed 
(Westhoff & Van der Maarel 1973). However, in our case, three relevés were 
described by listing species of shrub layer, such as Spiraea media, Ledum palustre, 
Vaccinium uliginosum. Species, such as Linnaea borealis and Trientalis europaea 
are typical for forest communities and never occur in an aquatic habitat. Thus, 
from our point of view, the plot boundaries were violated which was the reason to 
remove the following three relevés.  
Table 2. Removed aquatic relevés 
Species name layer 1 2 3 
Date  20.06.2015 14.07.2013 
Latitude  52.594504 52.594510 52.5946730 
Longitude  108.165690 108.165870 108.165500 
Heigth, m  457 
Plot size, m2  20 
Rubus arcticus hl  1 1 
Alopecurus arundinaceus hl r 2 2 
Calamagrostis epigeios hl 4   
Calamagrostis 
langsdorffii hl 2 2  
Calla palustris hl 3 3 2 
Carex curaica hl 2  1 
Cicuta virosa hl r   
Comarum palustre hl r 2  
Lemna minor hl 2 3 2 
Persicaria hydropiper hl 2 5 4 
Polytrichum strictum ml 3   
Rumex aquaticus hl r   
Carex juncella hl  1  
Carex limosa hl  2  
Equisetum palustre hl  1 1 
Rubus chamaemorus hl  1  
Sanguisorba officinalis hl  1  
Carex lasiocarpa hl   1 
Linnaea borealis hl   1 
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Continuation of Table 2. 
Ranunculus polyanthemos hl   1 
Taraxacum officinale hl   1 
Trientalis europaea hl   1 
Typha latifolia hl   2 
Vaccinium uliginosum s1   2 
Spiraea media s1 1   
Ledum palustre s1  1 3 
 
The last three relevés were removed due the controversial data collection 
and the lack of plant records (Table 3). In all the three removed relevés, moss 
species are not recorded which is not acceptable due to their dominant position in 
forest communities of the studied area. 
Table 3. Removed forest relevés  
Species name Layer 1 2 3 
Date  2013 2013 07.05.2015 
Latitude  53.001770 53.001636 53.161852 
Longitude  108.173552 108.172826 108.414800 
Height  458 458 647 
Plot size, m2  30 
Milium effusum hl 2 2  
Vicia cracca hl  1  
Gymnocarpium dryopteris hl  1  
Poa nemoralis hl  2  
Pulsatilla turczaninovii hl  1 r 
Chamaenerion angustifolium hl   1 
Allium splendens hl   1 
Calamagrostis obtusata hl   1 
Dendranthema zawadskii hl   1 
Dianthus versicolor hl   1 
Hierochloe glabra hl   2 
Silene repens hl   1 
Vicia unijuga hl   1 
Rhododendron dauricum s1 2  2 
Rosa acicularis s1  1 2 
Rubus matsumuranus s1  1  
Arctostaphylos uva-ursi s2   1 
Spiraea media s2   2 
Vaccinium vitis-idaea s2 2 2 3 
Populus tremula t1  1  
Pinus sylvestris t1 3 3 2 
Betula pendula t2   r 
Duschekia fruticosa t3 2  1 
 
Thus, the final database includes 167 relevés, which were classified 
according to the Braun-Blanquet approach (Westhoff & Van der Maarel 1973).  
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III.2.2. Identification of Diagnostic Species 
In our classification, we used the term diagnostic species as a definition of 
the most faithful species of specific phytosociological units, which exceed a certain 
fidelity threshold. In general terms, fidelity is a measure, which shows a 
concentration of the most faithful species in a phytosociological unit (Westhoff & 
van der Maarel 1973; Alexandrova 1969). Today, there are different statistical 
approaches for identification of diagnostic species (Bruelheide & Jandt 1995; 
Bruelheide & Jandt 1997; Bruelheide & Chytrý 2000; Bruelheide 2000; Chytrý et 
al. 2002, Chytrý & Tichý 2003; Tichý et al. 2010). In this study, we followed the 
methods, which Czech phytosociologists had applied in their report Diagnostic, 
Constant and Dominant Species of Vegetation Classes and Alliances of Czech 
Republic: Statistical Revision (Chytrý &Tichý 2003). This study exemplifies a 
significant achievement in applying more formal methods to phytosociological 
decisions in modern vegetation studies. 
Diagnostic species of an association were identified by means of phi-
coefficient, which Chytrý (2002) defines as “a statistical measure of association 
between two categories, which can be used as a two-sided measure of fidelity” (Eq. 
1): 
             N · np – n · Np 
F =  
√n· Np · (N – n) · (N – Np)                         (Equation 1) 
 
N – the number of relevés in the data set; 
Np – the number of relevés in the particular vegetation unit; 
n – the number of occurrences of the species in the data set; 
np – the number of occurrences of the species in the particular vegetation 
unit.  
Application of phi-coefficient has advantages over other fidelity measures. 
First of all, this coefficient calculates only presence/absence data, consequently, 
species cover or abundance values do not affect the results. Secondly, phi-
coefficient is independent of the dataset size and the size of phytosociological 
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clusters within the dataset (Chytrý et al. 2002). Phi-coefficient ranges from –1 to 1. 
The highest faithful value 1 is obtained if a certain species is present only in a 
specific phytosociological unit and absent in the rest of the dataset. Positive values 
lower than 1infer that a certain species is simultaneously present in different 
phytosociological units of the dataset. The JUICE program, which was the tool for 
all classification manipulations, multiplies results of phi-coefficient by 100% for a 
better visualization (Tichý 2002). Typically, a fidelity threshold is determined 
arbitrary by experts. The literature review revealed that the most frequent and 
applied fidelity threshold values for diagnostic species falls within 0.15 to 0.25 and 
depends on the dataset size. In our study, we aim to obtain the list of the most 
faithful robust diagnostic species. Hence, we set 0.25 as a threshold value for the 
diagnostic species in the dataset of 167 relevés. 
Constant and dominant species were defined as well as diagnostic species. 
Constant species are commonly used to identify faithful species for high ranked 
phytosociological units, such as class, order, and alliance. A threshold for constant 
species differs from a class to an alliance. We applied the following thresholds: for 
classes – 25%, orders – 30%, and alliances – 40% of constancy in a particular 
phytosociological unit. Dominant species were defined as species with a cover 
value higher than 30% in a certain phytosociological unit.   
 
III.2.3. Sharpness 
Sharpness index was measured for associations in JUICE program. 
Sharpness represents the proportion or quality of diagnostic species relative to the 
average species number of a vegetation cluster (Chytrý & Tichý 2003). 
Sharpness index is calculated as (Eq. 2): 
              1+ ij*100 
           Sj =  
                       Rj                                                                  (Equation 2) 
 
Фij– the fidelity of species i to vegetation unit j; 
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Rj– the mean number of species in relevés of vegetation unit j. 
The range of sharpness lies within 0 and ∞. An association can be defined as 
sharp if it possesses a large number of diagnostic species with a high fidelity 
capacity (phi-coefficient) to the average number of species in a specific 
phytosociological unit. Hence, it is expressed by a high numerical value.  
Lower values are obtained if a certain phytosociological unit possesses 
either a small number of diagnostic species with a high fidelity capacity or a big 
number of diagnostic species with a low fidelity capacity (Chytrý & Tichý 2003).  
 
III.2.4. Detrended Correspondence Analysis (DCA)  
By testing different techniques of ordination Hill and Gauch (1980) 
concluded: “Detrended correspondence analysis has proved itself to be the better 
than other techniques of ordination known to us. It provides an interpretable 
species ordination as well as sample ordination”. Nowadays, many 
phytosociological studies provide results of DCA ordination in order to interpret 
the ecology of classified units (Anenkhonov & Chytrý 1998; Ermakov 2006, 
Polyakova & Ermakov 2008; Polyakova et al. 2008; Chytrý et al. 2008; 
Merunková & Chytrý 2012; Merunková et al. 2014). The result of DCA ordination 
is a multidimensional picture where plots are located along axes which represent 
different environmental variables (Hill & Gauch 1980; Bray & Curtis 1957). 
Measured environmental values can be applied to obtain a direct DCA ordination 
picture. On the contrary, an indirect DCA ordination can calculate floristic 
similarity of different vegetation. Their location within the DCA axes shows 
whether plots are floristicaly similar or different. In this study, we used an indirect 
DCA ordination. Two axes were interpreted as an axis of a moisture gradient 
(DCA1) and a nutrient habitat status (DCA3). The highest negative and positive 
values of a moisture gradient (DCA1) reveal the moistest and driest habitat 
conditions respectively. The highest negative and positive values of a nutrient 
habitat status (DCA3) reveal nutrient-rich and nutrient-poor habitats respectively.  
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The DCA ordination analysis was done in R-studio 2.11.0 operated through 
JUICE program (Tichý 2002; Tichý & Holt 2006). The built-in ORDIJUICE 
package allows to analyze a given data to produce a DCA ordination (Zelený & 
Tichý 2009).  
 
III.2.5. Supervised Classification 
167 relevés were the basis of the supervised k-means phytosociological 
classification. This study is the first research that gives a phytosociological 
classification of the vegetation, diversity and structure of the central zone of Lake 
Baikal eastern coast. However, adjacent territories on the eastern coast of Lake 
Baikal are well-studied (Anenkhonov& Chytrý 1998; Chytrý et al. 1993; Chytrý et 
al. 1995; Danihelka & Chytrý 1995; Valachovič et al. 2002). The results of these 
studies represent a solid platform for data comparison (Table 4). 
Table 4. Sources of relevés for supervised k-means 
Author The name of the article № of 
relevés 
1. Oleg A. Anenkhonov 
& Milan Chytrý 
Syntaxonomy of vegetation of the Svyatoi 
Nos Peninsula, Lake Baikal. 2. Forests and 
krummholz in comparison with other 
regions of the Northern Buryatia, 1998 
68 
2. Milan Chytrý, Pavel 
Pešout & Oleg A. 
Anenkhonov  
Syntaxonomy of Svyatoi Nos Peninsula, 
Lake Baikal 1. Non forest 
communities,1993 
224 
3. Milan Chytrý, Oleg A. 
Anenchonov & Jiri 
Danihelka 
Plant communities of Bol'shoj Chivyrkui 
river valley, Barguzinskij Range, East 
Siberia 1995 
159 
4. Jiri Danihelka & 
Milan Chytrý 
Some plant communities of the Bol'shaja 
Cheremshana valley, Barguzinskij range, 
1995 
140 
5. Milan Valachovič, 
Oleg A. Anekhonov & 
Iva Hodalova 
Vegetation along an altitudinal gradient in 
the Gremjachaya Valley, Barguzinskij 
Range, Eastern Siberia, 2002 
91 
6. Elena Brianskaia This thesis. The central zone of Lake 
Baikal Eastern coast.  
167  
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In December of 2016, the author worked in Brno, Czech Republic, Masaryk 
University, Department of Botany and Zoology under the supervision of Prof. Dr. 
Milan Chytrý, where he suggested the application of the supervised k-means 
classification. Supervised k-means classification assigns an unlabeled group of 
relevés (0) from the current study to a priori labeled groups of relevés (existing 
established groups – 1,2,3,4,5,…n) from Svyatoi Nos peninsula and the 
Barguzinskii mountain range. Subsequently, relevés of an unlabeled group have to 
be classified into a priori labeled groups according to their floristic similarities 
(Tichý et al. 2014).The database from Svyatoi Nos and the Barguzinskii mountain 
range was provided by Prof. Dr. Milan Chytrý from his personal archive (Table 4).  
The classification procedure included the following stages: 
1. All the relevés from the central zone of Lake Baikal and the relevés from 
Milan Chytrý’s database were put in TURBOVEG program –a database for 
storage, selection, and export of vegetation data (Hennekens 1996). 
2. Relevés were transported as a standard .xml file from TURBOVEG to 
JUICE program, non-commercial software package for editing and analyzing 
vegetation data (Tichý 2002).   
3. To reduce noisiness in classification, aquatic relevés from Milan Chytrý’s 
database were excluded due to the absence of relevés of aquatic habitats in Lake 
Baikal central zone.  
4. This important step included the unification of taxonomic species names. 
Following Flora of Siberia (1991-1998) and Plant List (2013) some of the species 
were merged. For example, according to Flora of Siberia (1991-1998), Empetrum 
nigrum L., Empetrum subholarcticum V. Vassil and Empetrum sibiricum V.Vassil 
go under one taxonomic name Empetrum sibiricum L. According to the Plant List 
(2013), Empetrum subholarcticum V. Vassil and Empetrum sibiricum V.Vassil are 
synonyms of Empetrum nigrum L. Hence, all three species were merged into one 
species under one accepted taxonomic name Empetrum nigrum L. The similar 
procedure was applied for merging different layers. For example, tree layer species 
of different height, such as tree layer high (1), middle (2) and low (3) were merged 
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into a tree layer (1). Juvenile tree species (jl -7) and tree species with a height of 
herbs (6) were merged into a herb layer (6). This procedure was performed to 
reduce noisiness in the classification. Thus, 756 relevés of the final database 
contain 788 species. The classification was performed in JUICE program by means 
of the built-in R script, which is available as .txt file in JUICE (Tichý 2002).   
5. This step included group labeling (Fig. 3). JUICE program has eight 
colour pallets for editing, which can be used depending on the purposes of a 
scientist. In our case, colour pallets were a tool for labeling groups. 0 is an 
unlabeled white group, which includes relevés from this study, and 65 coloured a 
priori groups, which were taken from Milan Chytrý’s database. 65 a priori groups 
represent associations in the Braun-Blanquet classification hierarchy. The process 
was a routine colouring of each a priori group and sequential labeling of them by 
number (Fig. 3). Hence, we obtained 65 a priori groups, which unlabeled relevés 
had to be assigned to.  
 
Fig. 3 Labeling of the groups by means of JUICE colour pallet 
 
6. This step was setting up supervised k-means clustering in JUICE by 
means of the built-in R script (Tichý 2002). Within each group of 65 a priori 
groups, 3 relevés were set up as starting centroids that the program defined as the 
most robust representative relevés. In addition, we coloured an unlabeled group red 
for a better visualization (Fig. 4).  
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Fig. 4 Red 0-labeled cluster from the central zone of Lake Baikal and 1, 2, 3,4…65 a 
priopri clusters from Milan Chytrý’s database 
 
7. This step is a supervised k-means clustering. In the Fig. 5 is shown how 
program assigned red relevés from this study to defined a priori clusters.  
8. Expert examination and interpretation of results is the last step. 
All relevés which were used for classification procedure are available via 
link: https://cloud.mail.ru/public/9Dh3/Gzm6s8CQD. The files with .wct extension 
can be opened in JUICE program. 
 
Fig. 5 The result of supervised k-means clustering 
 
III.3. Spatial Structure Analysis 
For the vegetation mapping we used remote sensing multispectral 
panchromatic image SPOT 6 (Table5). The image was purchased from the group 
of companies “Scanex”, which is the leading Russian company in satellite 
monitoring of the Earth. To purchase the satellite image we took into account two 
important factors: resolution and seasonality of the image. The SPOT 6 with high 
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resolution 1.5 m from the 11.07.2014 was purchased in May 2015 for the first field 
data collection.  
The image classification was performed in ArcGIS 10.3.1 version by a 
traditional supervised method, maximum likelihood classification (Sohn & Rebello 
2002; Xu et al. 2005; Xie et al. 2008; Ermakov et al. 2012; Cherenkova et al. 
2015). Maximum likelihood classification (MLC) was used as a tool of predictive 
vegetation mapping. For the MLC execution we predicted classes corresponding to 
the units of phytosociological vegetation classification and also classes, which 
were registered during field work but not in scope of the current research, such as 
deforested areas, rock exposure, Lake Baikal and its littoral. The obtained map was 
subsequently assessed for its accuracy. For MLC and accuracy assessment we used 
dataset of ground truth points which were registered by Garmin GPSMAP 62st 
navigator. We registered 213 ground truth points, which were divided into two 
equal parts for classification and its independent accuracy assessment. Since Lake 
Baikal water and its littoral zone are present on the SPOT 6 image for their 
classification we created additional 60 points for each class (Table 6).  
Table 5. Properties of the image 
Raster Information Value 
Number of bands 4 (Red, Green, Blue, Near-infrared) 
Cell size (X.Y) 1.5,1.5 
Uncompressed size  4,44 GB 
Format  TIFF 
Source type Generic 
Pixel type  Unsigned integer 
Pixel Depth 16 Bit 
Extent: 
Top 
Left 
Right 
Bottom  
 
5910153.28101 
315741.964566 
351326.464566 
5872482.28101 
Spatial reference WGS_1984_UTM_Zone_49N 
Linear unit  Meter (1.0) 
Datum D_WGS_1984 
Projection  Transverse Mercator 
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Table 6. Training dataset 
Predicted Class Points for MLC Points for accuracy 
1. Water 30 30 
2. Littoral zone 30 30 
3. Rock exposure 2 3 
4. Deforested areas 5 5 
5. Xerophytic oligotrophic light 
coniferous forest 
6 6 
6. Mixed coniferous-deciduous 
forest 
29 29 
7. Mesophytic dark coniferous 
forest 
15 15 
8. Mixed coniferous forest 8 9 
9. Forested bogs 18 18 
10. Fens 16 16 
11.Shifting sands vegetation 7 7 
 
In ArcMap 10.3.1, training samples have to be in the form of a signature file 
with .gsg extension. Based on the training dataset, the input raw raster SPOT 6 was 
classified by means of MLC tool with an output classified raster. However, 
scientists commonly apply generalization tools for cleaning up process. In our 
study, we removed misclassified cells with Majority filter tool, which replaced 
cells in the raster based on the majority of their contiguous neighbouring cells. The 
output generalized raster is the final vegetation map of the central zone of Lake 
Baikal eastern coast with the scale 1:200 000. 
Accuracy assessment was performed in ArcGIS. In order to obtain the 
accuracy value for the vegetation map of the area under study, we compared the 
ground truth points from the training dataset to the predicted pixel classes at each 
ground truth location (Congalton 1991). The following accuracy assessment tools 
were used. 
1. To obtain the raster value for each ground truth location, we used the tool 
extract values to points. This tool extracts the cell values of raster based on a set of 
point feature and records the values in the attribute table of an output feature class. 
The input point feature is our training dataset for defining the locations, from 
which we want to extract the raster cell values. The input raster is the classified 
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raster imagery. The output point feature dataset contains the extracted raster 
values.  
2. This step included creating a summary table, which contains calculated 
frequency statistics for revealing how many correct predictions were made for each 
class. For this purpose, a frequency tool was used. This tool reads a table and a set 
of fields and creates a new table containing unique values and the number of 
occurrences of each unique field value. The input table has to contain the field(s) 
that is used for calculation of frequency statistics.  
3. The last step included rearranging the obtained data into an error matrix 
format. For this purpose, a pivot table tool was used. This tool creates a table from 
the input table by reducing redundancy in records and flattering one-to-many 
relationships. The input table represents obtained frequency statistics. The input 
field, which is arranged into rows, is predict (predicted classes). The pivot field in 
columns is ground truth points truth. The value field is frequency values, which fill 
the pivoted fields. As the output, the table in an error matrix format was obtained. 
So, the values in the cells along the diagonal are correct predictions. The value of 
all the correct predictions divided by the number of total predictions is the overall 
accuracy value. We also calculated accuracy of each classified class, which is 
expressed as commission and omission errors (Congalton & Green 2009). For each 
class, errors of commission (Com) occur when a classification assigns pixels to a 
certain class that in fact do not belong it. In contrast, omission error (Om) occurs in 
each class when pixels that in fact belong to one class are assigned into other class. 
Com and Om errors help to interpret the quality of mapping (Congalton & Green 
2009).  
 
III.4. Soil-Vegetation Relation 
In order to correlate soil and vegetation, we used methods of transect-catena 
and key-plots (Solntsev 1949; Nikolaev 1979). To reveal soil diversity of the 
studied area was not the aim in the current research. Soil study was used to 
interpret habitat environment of different plant communities. So that, it should be 
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highlighted that soil profiles were performed in the most typical representative 
vegetation stands in order to identify a soil type related to a specific 
phytosociological unit (Fig. 6). In the mountain areas, we did two soil profiles 
from the top to the root of the mountain range. In the costal-plain part, in the 
vicinity of Goryachinsk village, we selected geomorphologically different five 
key-plots. Soil description and soil identification were performed according to the 
Russian soil classification (Shishov et al. 2004).  
For the following physicochemical analyses, samples from each soil horizon 
in each soil profile were collected into plastic bags and subsequently dried in the 
laboratory. In the next step, we ground up soil samples in a porcelain mortar and 
sieved them. Certain small samples were prepared for identification of humus 
content in mineral horizons. Organic materials, such as plant and root matters, 
were manually removed from 15 gram soil samples of each mineral horizon. 
Hence, all soil samples were prepared for the analyses. It is necessary to mention, 
that all the physicochemical soil analyses were performed by the laboratory 
technicians of the federal state organization Buryat Agrochemical Station in 
Republic of Buryatia, Ivolginsk. All the following physicochemical analyses were 
performed according to the Russian GOST (state standard) method, which are 
freely available on-line. 
GOST 26423-85 – methods for determination of specific electric 
conductivity, pH and solid residue of water extract. 
GOST 26483-85 – preparation of salt extract and determination of its pH by 
CINAO method. 
GOST 26487-85 – determination of exchangeable calcium and exchangeable 
(mobile) magnesium by CINAO methods. 
GOST 54650-2011 – determination of mobile phosphorous and potassium 
by Kirsanov method modified by CINAO. 
GOST 26484-85 – method for determination of exchangeable acidity. 
GOST 27784-88 – method for determination of ash content in peat and peat-
containing soil horizons. 
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GOST 26213-91 – methods of determination of organic matter. 
GOST 26212-91 – determination of hydrolytic acidity by Kappen method 
modified by CINAO. 
GOST 26107-84 – methods for determination of total nitrogen. 
GOST 12536-2014 – methods of laboratory granulometric (grain-size) and 
microaggregate composition. 
 
Fig. 6 Location of soil profiles 
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IV. RESULTS 
IV.1. Flora Composition 
Within the flora of the Katkovskaya mountain range we registered 251 plant 
species from 65 families and 158 genera (see Appendix 5). The species are 
represented by seven plant taxa from Plants and one taxon from Fungi kingdoms 
(Table 7). 
Table 7. The highest taxa of the flora 
Division Number of  species Percent, % 
Ascomycota 5 2 
Bryophyta 35 14 
Lycopodiophyta 2 0.8 
Equisetophyta 7 2.8 
Pteridiophyta 8 3.2 
Pinophyta 6 2.4 
Liliopsida 54 21.5 
Magnoliopsida 134 53.4 
 
The multispecies families spectrum of the studied flora includes 11 families, 
which contain 146 plant species. They comprise 59% of the total flora composition 
(Table 8).  
Table 8. Spectrum of multispecies families 
Family Number of species Percent, % 
Poaceae 24 9.6 
Asteraceae 17 6.8 
Rosaceae 16 6.4 
Cyperaceae 16 6.4 
Ranunculaceae 14 5.6 
Sphagnaceae 13 5.2 
Ericaceae 12 4.8 
Fabaceae 11 4.4 
Salicaceae 9 3.6 
Caryophyllaceae  7 2.8 
Equisetaceae 7 2.8 
Total 146 59 
 
We defined nine multispecies genera, three of them contain only four 
species. The leading genera include 66 plant species, which comprise 26.3% of the 
total number of species (Table 9). 
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Table 9. Spectrum of multispecies genera 
Genus Number of Species Percent, % 
Carex 15 6 
Sphagnum 13 5.2 
Salix 8 3.2 
Equisetum 7 2.8 
Poa 6 2.4 
Cladonia 5 2 
Calamagrostis 4 1.6 
Rubus 4 1.6 
Polytrichum 4 1.6 
Total 66 26.3 
 
The Katkovskaya mountain range flora is represented by three zonal, one 
azonal and athropophyte groups: forest – 127 species, azonal – 71 species, steppe – 
32 species, alpine – 18 species, and anthropophyte – 3 species (Table 10). 
Table 10. Zonal/Azonal groups 
Floristic Complex Number of Species Percent, % 
Forest: 
Light-coniferous 
Dark-coniferous 
Preboreal 
127 
95 
26 
6 
50.6 
37.8 
10.4 
2.4 
Steppe: 
Forest-steppe 
Mountain-steppe 
Steppe 
Desert-steppe 
32 
15 
6 
10 
1 
12.7 
6 
2.4 
4 
0,4 
Alpine: 
Alpine 
Tundra-alpine 
Mountain-forest 
18 
4 
2 
12 
7.2 
1.6 
0.8 
4.8 
Azonal: 
Wetland 
Meadow  
Flood plain 
Aquatic 
71 
49 
18 
3 
1 
28.3 
19.5 
7.2 
1.2 
0.4 
Anthropophyte 3 1.2 
 
The species of the studied flora are represented by 12 geographical areas 
(Table 11). The prevalent number of species has wide geographical distribution, 
their area expands beyond Asia. 
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Table 11. Geographical areas 
Geographical Areas Number of species Percent. % 
Circumpolar 112 44.6 
American-Asian 5 2 
Eurasian 36 14.3 
Asiatic 7 2.8 
Euro-Siberian 22 8.8 
North Asian 33 13.1 
South Siberian – Mongolian 16 6.4 
Central Asian 3 1.2 
North-Eastern Asian 2 0.8 
East Asian 6 2.4 
Endemic 3 1.2 
Manchuria-Dahurian 6 2.4 
 
IV.3. Phytosociological Composition of the Vegetation 
The k-means classification of the one unidentified group of 167 relevés from 
the central zone of Lake Baikal eastern coast to the 65 a priori identified groups of 
589 relevés from the north-eastern part of Lake Baikal reveals the 
phytosociological diversity of the vegetation. Four major classes of vegetation in 
Braun-Blanquet system represent units of continental scale. Vaccinio-Piceetea 
class Br.-Bl. in Br.-Bl. et al. 1939 comprises coniferous taiga forests of Eurasia on 
acid soils. Scheuchzerio-Caricetea nigrae (Nordh. 1936) Tх. 1937 class comprises 
oligo-and mesotrophic sedge-moss peat fens. Oxycocco-Sphagnetea Br.-Bl et R. 
Tx. 1943 class comprises Holarctic oligotrophic sub-shrub-sphagnum bogs. 
Brometea korotkyi Hilbig et Koroljuk 2000 class comprises vegetation of shifting 
sands (Fig. 7).  
The biggest number of associations is classified in the forest class Vaccinio-
Piceetea. They represent different types of coniferous taiga within studied area, 
such as xerophytic oligotrophic light coniferous forest Calamagrostio epigei-
Pinetum sylvestris, mesophytic mixed coniferous-deciduous forest Calamagrostio 
obtusatae-Laricetum sibiricae, mesophytic dark coniferous forest Calamagrostio 
obtusatae-Abietetum sibiricae, siberian pine coniferous forest Maianthemo bifolii-
Pinetum sibiricae and hygrophytic dark coniferous forest Aconito rubicundi-
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Abietion sibiricae. Wetland vegetation is represented by forested bogs 
Chamaedaphno-Pinetum sibiricae and fens Sphagno warnstorfii-Betuletum nanae.  
Vegetation of shifting sands is represented by Craniospermo-Leymetum secalini.  
Prodromus 
Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939 
Pinetalia sylvestris Oberd. 1957 
Hieracio umbellati-Pinion sylvestris Anenkhonov et Chytrý 1998 
Calamagrostio epigei-Pinetum sylvestris Anenkhonov et Chytrý 1998 
Ledo palustris-Laricetalia cajanderi Ermakov in Ermakov et Alsynbaev 2004 
Pino sibiricae-Laricion sibiricae Guinochet ex Dostalek et al. 1988 
Calamagrostio obtusatae-Abietetum sibiricae Danihelka et al. in 
Anenkhonov et Chytrý 1998  
Pinus pumila-Abies sibirica comm. 
Brachypodium pinnatum-Abies sibirica comm. 
Calamagrostio obtusatae-Laricetum sibiricae Chytrý et al. in Anenkhonov 
et Chytrý 1998 
Maianthemo bifolii-Pinetum sibiricae Danihelka et al. in Anenkhonov et 
Chytrý 1998 
Piceo obovatae-Pinetalia sibiricae Ermakov 2013 
Aconito rubicundi-Abietion sibiricae Anenkhonov et Chytrý 1998 
Cardamino macrophyllae-Abietetum sibiricae Chytrý et al. in Anenkhonov 
et Chytrý 1998 
Matteuccio struthiopteridis-Abietetum sibiricae Anenkhonov et al. in 
Anenkhonov et Chytrý 1998 
Oxycocco-Sphagnetea Br.-Bl et R. Tx. 1943 
Vaccinio uliginosi-Pinetalia sylvestris Passarge et G. Hoffman 1968 
Vaccinio uliginosi-Pinion sylvestris Passarge et G. Hofmann 1968 
Chamaedaphno-Pinetum sibiricae Chytrý, Pešout et Anekhonov 1993 
Carex cespitosa-Betula pendula comm. 
Scheuchzerio-Caricetea nigrae (Nordh. 1936) Тх. 1937 
Sphagno warnstorfii-Tomentypneetalia Lapshina 2010 
Oxycocco palustris-Sphagnion warnstorfii Lapshina2010 
Sphagno warnstorfii-Betuletum nanae Lapshina 2010 
Carex lasiocarpa comm. 
Brometea korotkyi Hilbig et Korolyuk 2000 
Oxytropeditalia lanatae Brzeg et Wika 2001 
Oxytropidion lanatae Chytrý, Pešout et Anenkhonov 1993 
Craniospermo-Leymetum secalini Chytrý, Pešout et Anekhonov 1993 
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Fig. 7 The overview of the final phytosociological table in JUICE. 
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The figure 7 represents a screenshot of all the classified relevés in JUICE 
program. Different colours represent different vegetation types: the green is sand 
communities, the grey is forest communities, and the pink is wetland communities. 
Due to the big number of relevés (167) and incapability of MS Word to insert the 
extensive table with all relevés the screenshot is used. However, in the next chapter 
separate phytosociological tables are provided for all the classified vegetation 
types.  
 
IV.3.1. Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939 Class 
IV.3.1.1. Phytosociological Units of Vaccinio-Piceetea Class 
The forests of Lake Baikal eastern coast are classified into one class 
Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al.1939 with a diagnostic block of species: 
Dicranum polysetum, Hylocomium splendens, Larix sibirica, Linnaea borealis, 
Pinus sibirica, P. sylvestris, Pleurozium schreberi, Ptilium crista-castrensis, 
Trientalis europaea, Vaccinium vitis-idaea. Within Vaccinio-Piceetea class, 3 
orders, 3 alliances, 6 associations are classified (Fig. 13).  
1. Order Pinetalia sylvestris Oberd.1957. 
1.1. Alliance Hieracio umbellati-Pinion sylvestris Anenkhonov et 
Chytrý 1998.  
1.1.1. Association Calamagrostio epigei-Pinetum sylvestris 
Anenkhonov et Chytrý 1998 (Table 12, Cluster 1, Fig. 8). 
Number of relevés: 11 (initial relevé number: 65, 59, 62, 60, 61, 64, 90, 58, 
54, 63, 66) 
Sharpness: 43.21 
Diagnostic species: Rhododendron dauricum [5]; Arctostaphylos uva-ursi* 
[6]**, Astragalus membranaceus [6], A. propinquus [6]; Cladonia amaurocraea 
[9], C. arbuscula [9], C. stellaris *[9]** 
Constant species: Larix sibirica [1], Pinus sibirica [1], P. sylvestris* [1]**; 
Pulsatilla turczaninovii [6], Vaccinium vitis-idaea* [6]**; Dicranum polysetum* 
[9]**, Pleurozium schreberi [9] 
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Dominant species: Pinus sylvestris [1]; Cladonia arbuscula [9], C. 
stellaris* [9]**. 
*bold typed species are those, which exceed a maximal threshold: fidelity value > 60% 
for diagnostic species, frequency value> 40% for constant species, and cover value > 30% for 
dominant species.  
**Values in square brackets are layers. 
 
The association is recognized by 11 species-poor relevés. All data are 
collected near Goryachinsk village, on the plain part of the area (470-520 m). 
Calamagrostio epigei-Pinetum sylvestris association represents mostly 
monodominant stands of Pinus sylvestris on the sandy oligotrophic podzolized 
soddy brown soils. The physiognomy of P. sylvestris is an important indicator of 
substrate oligotrophic conditions. Commonly, trees of P. sylvestris are short (up to 
10 m), young aged and cover up to 80% of the total area. In some areas, apart from 
scots pine, P. sibirica, Betula pendula and Larix sibirica grow with a low 
frequency and plant coverage. In the shrub layer, the most abundant is 
Rhododendron dauricum, which is registered in each relevé with the coverage up 
to 60%. Alnus alnobetula subsp. fruticosa and Ledum palustre occur less. 
  
  
Fig. 8 Communities of Calamagrostio epigei-Pinetum sylvestris association 
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The herb layer is represented by frequently occurring evergreen ericaceous 
mesoxerophytic shrubs Arctostaphylos uva-ursi, Vaccinium vitis-idaea, and 
xerophytic herbs Atragalus memranaceus, A. propinquus, Antennaria dioica, 
Allium splendens, and Pulsatilla turczaninovii. The moss layer is represented by 
pioneer species of post-fire succession: fruticose lichens Cladonia stellaris (up to 
80% of the coverage), C. arbuscula (up to 60%), C. amaurocraea (up to 40%), C. 
deformis (less than 20%). Mosses include typical mesophytic taiga species: 
Dicranum polysetum (less than10%) and Pleurozium schreberi (less than 5%). In 
the ecotone areas, Rhytidium rugosum and Polytrichum commune can occur.  
2. Order Ledo palustris-Laricetalia cajanderi Ermakov in Ermakov et 
Alsynbaev 2004.  
2.2. Alliance Pino sibiricae-Laricion sibiricae Guinochet ex Dostalek et 
al. 1988.  
2.2.1. Association Calamagrostio obtusatae-Abietetum sibiricae 
Danihelka et al. in Anenkhonov et Chytrý 1998 (Table 12, Cluster 3, Fig. 9). 
Number of relevés: 20 (initial relevé number: 33, 26, 82, 98, 111, 27, 16, 
110, 34, 108, 24, 25, 107, 20, 18, 55, 94, 12, 28, 166) 
Sharpness: 11.21 
Diagnostic species: Abies sibirica [1], Bergenia crassifolia [6], 
Calamagrostis obtusata [6], Linnaea borealis [6], Polypodium sibiricum [6] 
Constant species: Betula pendula [1], Larix sibirica [1], Pinus sibirica [1], 
P. sylvestris [1], Populus tremula [1]; Alnus alnobetula subsp. fruticosa [4], 
Sorbus sibirica [4]; Maianthemum bifolium [6], Milium effusum [6], Pyrola 
incarnata [6], Vaccinium vitis-idaea [6]; Dicranum polysetum [9], Hylocomium 
splendens [9], Pleurozium schreberi [9], Rhytidium rugosum [9] 
Dominant species: Abies sibirica [1], B. pendula [1], P. sibirica [1], P. 
tremula [1]; Athyrium filix-femina [6], B. crassifolia [6], Linnaea borealis [6] 
The association is recognized by 20 relevés. The communities of this 
association are a dark-coniferous taiga forest with the dominance of A. sibirica and 
P. sibirica (20-30 m) in the tree layer; in some areas, they are mixed with P. 
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tremula and B. pendula. All the communities are found on the upper part of the 
mountain range – 600(700)-1100 m a.s.l. They occupy steep (30-400) and gentle 
(15-170) slopes of the mountain range and grow on well-drained thin rocky soils.  
This association flora is highly similar to Calamagrostio obtusatae-
Laricetum sibiricae Danihelka et al. in Anenkhonov et Chytrý 1998 association. 
However, the most distinctive feature of these forests is a high level of canopy 
density (60-80%) and tree coverage (20-70%). Due to this, the shrub layer is 
poorly represented. Tall shrubs, A. alnobetula subsp. fruticosa, S. sibirica and 
Lonicera pallasii, permeate the wood and form isolated patches. In the herb layer, 
B. crassifolia, C. obtusata and L. borealis are dominant. 
  
  
Fig. 9 Communities of Calamagrostio obtusatae-Abietetum sibiricae association 
 
Within this association, two communities were classified based on five 
relevés. The first is Pinus pumila-Abies sibirica, which grows at the highest point 
of the mountain range, 1113 m a.s.l (Table 12, cluster 4, relevés 15, 105). At this 
altitude, a spreading siberian dwarf pine P. pumila is registered. However, the 
species composition remains the same as in Calamagrostio obtusatae-Abietetum 
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sibiricae association. In addition, deforested areas are observed within 
communities of Calamagrostio obtusatae-Abietetum sibiricae. In these areas, we 
notice young undergrowth of B. pendula and A. sibirica replacing the cut 
coniferous trees. Deforested areas are classified as the second community 
Brachypodium pinnatum-Abies sibirica based on three relevés (Table 12, cluster 
5, relevés 114, 97, 14). In general, they have a forest physiognomy; the 
undergrowth of A. sibirica is mixed with small-leaved deciduous species, B. 
pendula and P. tremula. The open ground areas are conspicuous and affected by 
the direct solar radiation. Consequently, soil becomes drier, and xerophytic species 
invade, such as Brachypodium pinnatum, Spiraea media, Thalictrum minus, 
Thalictrum foetidum, Galium boreale, Vicia venosa. 
2.2.2. Association Calamagrostio obtusatae-Laricetum sibiricae Chytrý 
et al. in Anenkhonov et Chytrý 1998 (Table 12, Cluster 2, Fig. 10). 
Number of relevés: 43 (initial relevé number: 9, 81, 32, 19, 45, 116, 13, 11, 
56, 92, 36, 8, 83, 87, 115, 102, 106, 88, 41, 85, 30, 99, 93, 42, 40, 101, 103, 100, 
96, 17, 91, 10, 31, 21, 84, 109, 29, 47, 22, 112, 23, 95, 86) 
Sharpness: 13.84 
Diagnostic species: Larix sibirica [1], Alnus alnobetula subsp. fruticosa [4], 
Rhododendron dauricum [5], Calamagrostis obtusata [6], Poa nemoralis [6], 
Pyrola incarnata [6], Pleurozium schreberi [9], Polytrichum juniperinum [9], 
Ptilium crista-castrensis [9], Rhytidium rugosum [9] 
Constant species: Abies sibirica [1], Betula pendula [1], Pinus sibirica [1], 
P. sylvestris [1], Populus tremula [1], Sorbus sibirica [4]; Bergenia crassifolia 
[6], C. obtusata [6], Galium boreale [6], Lathyrus humilis [6], Linnaea borealis 
[6], Maianthemum bifolium [6], Milium effusum [6], Rosa acicularis [6], Rubus 
saxatilis [6], Vaccinium vitis-idaea [6]; Dicranum polysetum [9] 
Dominant species: B. pendula [1], P. sylvestris [1], P. tremula [1]; R. 
dauricum [5]; B. crassifolia [6]; D. polysetum [9] 
As it was mentioned earlier, the communities of this association are similar 
to the preceding association. Despite the dominance of light-coniferous tree 
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species, L. sibirica and P. sylvestris, the tree species of dark-coniferous taiga as 
well as constant companions of Baikal forests, B. pendula and P. tremula, are also 
sufficiently dominant.  
This association is classified based on the biggest number of relevés, 43. 
These communities occupy the lower part and gentle slopes (10-150) of the 
mountain range on thick well-drained soils. In the plain areas, communities of this 
association grow under the conditions of stagnant soil moisture, which leads to 
high density of Ledum palustre in the shrub layer. The average height of the tree 
layer is 20-25 m with the coverage up to 20-50%. Due to the moderate canopy 
density, the underwood covers up to 20-50%. Commonly, the underwood has a 
two-layered structure. The first layer is shrubs with the height of 40-100 cm, 
Rhododendron dauricum, Rosa acicularis, Ledum palustre. The second layer is 
shrubs with the height over 150-200 cm, Alnus alnobetula subsp. fruticosa, and 
Sorbus sibirica.  
Fig. 10 Communities of Calamagrostio obtusatae-Laricetum sibiricae 
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Another distinctive feature is a high occurrence of moss species, Ptilium 
crista-castrensis, mixed with Rhytidium rugosum, Dicranum polysetum, and 
widespread Pleurozium schreberi. These species cover up to 20-40%. In the herb 
layer, an important role belongs to typical taiga species, which have the highest 
abundance value of 50-80%. They are Vaccinium vitis-idaea, Maianthemum 
bifolium, Pyrola incarnata, Linnaea borealis, Calamagrostis obtusata, and 
nemoral species, Milium effusum, Poa nemoralis.  
2.2.3. Association is Maianthemo bifolii-Pinetum sibiricae Danihelka et 
al. in Anenkhonov et Chytrý 1998 (Table 12, Cluster 6, Fig. 11). 
Number of relevés: 12 (initial relevé number: 50, 44, 104, 43, 53, 51, 37, 57, 
35, 46, 52, 38) 
Sharpness: 31.74  
Diagnostic species: Betula pendula [1], Pinus sibirica [1], Empetrum 
nigrum [6], Ledum palustre [6], Vaccinium uliginosum [6], Climacium 
dendroides [9], Dicranum polysetum [9], Polytrichum commune [9] 
Constant species: Larix sibirica [1], P. sylvestris [1], Rhododendron 
dauricum [5], Maianthemum bifolium [6], Vaccinium vitis-idaea [6], Pleurozium 
schreberi [9] 
Dominant species: Empetrum nigrum [6], Ledum palustre [6] 
Growing only on the Lake Baikal coast, this association is the most unique 
phytosociological unit. Occupying inland coastal sand deposits, they are influenced 
by strong cool winds from Lake Baikal. In some areas, due to the permanent wind 
activity, Pinus sibirica takes a spreading form. The crowns are deformed for the 
most of the tree species. This association is classified based on 12 relevés. These 
communities occupy the plain part of the studied territory and, in some areas, they 
border with wetland communities. The wood layer is represented by the trees of 
different height, from 3 to 20 m. The most dominant tree species is P. sibirica, 
which is considered as the species most resistant to cool strong winds of Lake 
Baikal. The companions of P. sibirica in the tree layer are P. sylvestris, L. sibirica, 
and B. pendula, which cover 20-30% of the total area. The upper shrub layer (60-
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150 cm) is formed by Rhododendron dauricum and the undergrowth, especially, of 
P. sibirica. The middle layer (50-60 cm) is formed by Ledum palustre, Vaccinium 
uliginosum, and by Empetrum nigrum, V. vitis-idaea in the lower layer (10-20 cm). 
Shrub species are dominant throughout all the communities with the coverage of 
40-90%. In the herb layer, an important role belongs to Maianthemum bifolium. In 
the moss layer, Pleurozium schreberi, Dicranum polysetum, Polytrichum commune 
occur with 10-40% coverage. The moss species, such as Climacium dendroides, 
grow on the pine tree roots with 10% coverage.  
Fig. 11 Communities of Maianthemo bifolii-Pinetum sibiricae association 
 
3. Order Piceo obovatae-Pinetalia sibiricae Ermakov 2013. 
3.3. Alliance Aconito rubicundi-Abietion sibiricae Anenkhonov et 
Chytrý 1998.  
3.3.1. Association Matteuccio struthiopteridis-Abietetum sibiricae 
Anenkhonov et al. in Anenkhonov et Chytrý 1998 (Table 12, Cluster 8, Fig. 12).  
Number of relevés: 4 (initial relevé number 1, 2, 3, 4) 
Sharpness: 76.41 
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Diagnostic species: Salix rhamnifolia [4], Sambucus sibirica [5], Athyrium 
filix-femina [6], Cacalia hastata [6], Cardamine macrophylla [6], Carex 
rhynchophysa [6], C. vesicaria [6], Cirsium helenioides [6], Equisetum arvense 
[6], E. fluviatile [6], Matteuccia struthiopteris [6], Persicaria hydropiper [6], Poa 
palustris [6], P. pratensis [6], P. raduliformis [6], Ribes nigrum [6], Urtica 
sondenii [6] 
Constant species: Abies sibirica [1], Populus tremula [1]; Lonicera pallasii 
[6] 
Dominant species: M. struthiopteris [6] 
These communities occupy sufficiently rich-nutrient and excessively moisty 
sub acid soils, along the gentle and steep slopes of the mountain creeks. These 
factors result in the dominant position of mesohygrophytic ferns, especially, M. 
struthiopteris and A. filix-femina. The forest tall grasses are represented by 
C.hastata, S. amurensis with the coverage of 30-40%. Hygrophytic shrubs are 
typical for these communities. They are represented by R. nigrum, S. sibirica, and 
S. rhamnifolia (30-35%).  
  
Fig. 12 Communities of Matteuccio struthiopteridis-Abietetum sibiricae association 
 
Due to the prevalence of tall herb species, it is difficult to trace the 
difference in height between herbs and shrubs. Generally, they have the same 
height, which is about 100-150 cm. The trees grow along creeks, at the distance 
from them (3-7 m). A. sibirica and P. tremula are dominant in the wood layer with 
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the coverage of 20-30% and the height of 20-25 m. We register these communities 
at the altitude of 540-650 m.  
3.3.2. Association Cardamino macrophyllae-Abietetum sibiricae Chytrý, 
Anenkhonov et Valachovič 1998 (Table 12, Cluster 7). 
Number of relevés: 3 (initial relevé number: 7, 6, 5) 
Sharpness: 52.83 
Diagnostic species: Aconitum rubicundum [6], Agrostis stolonifera [6], 
Amoria repens [6], Bromopsis austrosibirica [6], Cardamine macrophylla [6], 
C.[6], Carex vesicaria [6], Chrysosplenium alternifolium [6], Equisetum arvense 
[6], Impatiens noli-tangere [6], Poa supina [6], Pteridium aquilinum [6], Stellaria 
palustris [6], Stellaria peduncularis [6], Thalictrum baikalense [6], Urtica dioica 
[6], Veratrum lobelianum [6], Vicia cracca [6]; Aulacomnium palustre [9], 
Paludella squarrosa [9] 
Constant species: Abies sibirica [1], Betula pendula [1], Larix sibirica [1], 
Pinus sibirica [1], P. sylvestris [1], Populus tremula [1]; Alnus alnobetula subsp. 
fruticosa [4], Sorbus sibirica [4]; Atragene sibirica [6], Cacalia hastata [6], 
Carex rhynchophysa [6], Chelidonium majus [6], Dryopteris carthusiana [6], 
Equisetum pratense [6], Galium boreale [6], Lathyrus humilis [6], Lonicera 
pallasii [6], Paris quadrifolia [6], Paris verticillata [6], Pyrola incarnata [6], 
Ribes nigrum [6], Rosa acicularis [6], Rubus matsumuranus [6], R. saxatilis [6], 
Saussurea amurensis [6], Spiraea salicifolia [6], Thalictrum minus [6], Trientalis 
europaea [6], Vicia unijuga [6], Vicia venosa [6] 
Dominant species: Carex vesicaria [6] 
This association is classified based on three relevés. According to the habitat 
ecological conditions, the communities of this association are similar to Matteuccio 
struthiopteridis-Abietetum sibiricae community. They also occupy the territories 
along the creeks. However, on the relatively plain parts of the mountain range, 
these communities are exposed to droughts and floods. Here, we observe the 
decreasing edificatory role of ferns and the leading position of C. macrophylla. 
The edificatory role of A. sibirica is certain; however, P. sylvestris and B. pendula 
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permeate the tree layer with coverage of 40-50% and the height of 20-25 m. 
Typical species for moist habitats compose the underwood, they are Alnus 
alnobetula subsp. fruticosa, Ribes nigrum, Lonicera palasii with the height100-200 
cm and the coverage of 20-40%. The plant coverage is high, it is about 90%, the 
most abundant are A. rubicundum, C. macrophylla, V. lobelianum, C. vesicaria. 
 
Table 12. Synoptic table of phytosociological units of forests  
Cluster number   1 2 3 4 5 6 7 8 
Number of relevés  11 43 20 2 3 12 3 4 
Ass. Calamagrostio epigei-Pinetum sylvestris 
Cladonia stellaris                                 9 73   ---   ---   ---   ---   ---   ---   --- 
Arctostaphylos uva-ursi                           6 77   ---   ---   ---   ---   ---   ---   --- 
Astragalus membranaceus                           6 58   ---   ---   ---   ---   ---   ---   --- 
Cladonia arbuscula                                9 58   ---   ---   ---   ---   ---   ---   --- 
Cladonia amaurocraea                              9 51   ---   ---   ---   ---   ---   ---   --- 
Astragalus propinquus                             6 37   ---   ---   ---   ---   ---   ---   --- 
Ass. Calamagrostio obtusatae-Laricetum sibiricae 
Ptilium crista-castrensis                         9   --- 32   ---   ---   ---   ---   ---   --- 
Pyrola incarnata                                   6   --- 31   ---   ---   ---   ---   ---   --- 
Alnus alnobetula subsp. fruticosa                               4 --- 37   ---   ---   ---   ---   ---   --- 
Rhytidium rugosum                                 9   --- 28   ---   ---   ---   ---   ---   --- 
Polytrichum juniperinum                           9   --- 28   ---   ---   ---   ---   ---   --- 
Poa nemoralis                                      6   --- 40   ---   ---   ---   ---   ---   --- 
Larix sibirica                                     1   --- 25   ---   ---   ---   ---   ---   --- 
Pleurozium schreberi                              9   --- 24   ---   ---   ---   ---   ---   --- 
Ass.Calamagrostio obtusatae-Abietetum sibiricae 
Bergenia crassifolia                              6   ---   --- 41   ---   ---   ---   ---   --- 
Polypodium sibiricum                              6   ---   --- 37   ---   ---   ---   ---   --- 
Linnaea borealis                                   6   ---   --- 34   ---   ---   ---   ---   --- 
Calamagrostis obtusata                            6   ---   --- 42   ---   ---   ---   ---   --- 
Abies sibirica                                     1   ---   --- 28   ---   ---   ---   ---   --- 
Community Pinus pumila-Abies sibirica         
Pinus pumila                                       6   ---   ---   --- 100   ---   ---   ---   --- 
Community Brachypodium pinnatum-Abies sibirica      
Brachypodium pinnatum                             6   ---   ---   ---   --- 99   ---   ---   --- 
Spiraea media                                      6   ---   ---   ---   --- 67   ---   ---   --- 
Thalictrum minus                                  6   ---   ---   ---   --- 81   ---   ---   --- 
Paris quadrifolia                                  6   ---   ---   ---   --- 75   ---   ---   --- 
Rubus saxatilis                                    6   ---   ---   ---   --- 72   ---   ---   --- 
Thalictrum foetidum                               6   ---   ---   ---   --- 71   ---   ---   --- 
Galium boreale                                     6   --- 3.7   ---   --- 57   ---   ---   --- 
Vicia venosa                                       6   ---   ---   ---   --- 56   ---   ---   --- 
Heracleum dissectum                               6   ---   ---   ---   --- 55   ---   ---   --- 
Vicia unijuga                                      6   ---   ---   ---   --- 43   ---   ---   --- 
Ass. Maianthemo bifolii-Pinetum sibiricae 
Empetrum nigrum                                   6   ---   ---   ---   ---   --- 85   ---   --- 
Ledum palustre                                     6   ---   ---   ---   ---   --- 82   ---   --- 
Vaccinium uliginosum                              6   ---   ---   ---   ---   --- 58   ---   --- 
Polytrichum commune                               9   ---   ---   ---   ---   --- 52   ---   --- 
Climacium dendroides                              9   ---   ---   ---   ---   --- 47   ---   --- 
Oxycoccus microcarpus                             6   ---   ---   ---   ---   --- 39   ---   --- 
Pinus sibirica                                     1   ---   ---   ---   ---   --- 40   ---   --- 
Dicranum polysetum                                9   ---   ---   ---   ---   --- 36   ---   --- 
Betula pendula                                     1   --- 21   ---   ---   --- 27   ---   --- 
Ass. Cardamino macrophyllae-Abietetum sibiricae 
Agrostis stolonifera                               6   ---   ---   ---   ---   ---   --- 80   --- 
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Continuation of Table 12 
Bromopsis austrosibirica                          6   ---   ---   ---   ---   ---   --- 75   --- 
Aconitum rubicundum                               6   ---   ---   ---   ---   ---   --- 70   --- 
Veratrum lobelianum                               6   ---   ---   ---   ---   ---   --- 67   --- 
Poa supina                                         6   ---   ---   ---   ---   ---   --- 66   --- 
Urtica dioica                                      6   ---   ---   ---   ---   ---   --- 66   --- 
Cardamine pratensis                               6   ---   ---   ---   ---   ---   --- 55   --- 
Pteridium aquilinum                               6   ---   ---   ---   ---   ---   --- 55   --- 
Paludella squarrosa                               9   ---   ---   ---   ---   ---   --- 55   --- 
Aulacomnium palustre                              9   ---   ---   ---   ---   ---   --- 55   --- 
Amoria repens                                      6   ---   ---   ---   ---   ---   --- 55   --- 
Stellaria peduncularis                            6   ---   ---   ---   ---   ---   --- 55   --- 
Stellaria palustris                                6   ---   ---   ---   ---   ---   --- 55   --- 
Chrysosplenium alternifolium                      6   ---   ---   ---   ---   ---   --- 55   --- 
Impatiens noli-tangere                            6   ---   ---   ---   ---   ---   --- 55   --- 
Cardamine macrophylla                             6   ---   ---   ---   ---   ---   --- 79 30 
Carex vesicaria                                    6   ---   ---   ---   ---   ---   --- 79 30 
Equisetum arvense                                 6   ---   ---   ---   ---   ---   --- 53 35 
Ass. Matteuccio struthiopteridis-Abietetum sibiricae 
Matteuccia struthiopteris                         6   ---   ---   ---   ---   ---   ---   --- 100 
Poa raduliformis                                   6   ---   ---   ---   ---   ---   ---   --- 100 
Cirsium helenioides                               6   ---   ---   ---   ---   ---   ---   --- 100 
Poa pratensis                                      6   ---   ---   ---   ---   ---   ---   --- 97 
Athyrium filix-femina                             6   ---   ---   ---   ---   ---   ---   --- 97 
Urtica sondenii                                    6   ---   ---   ---   ---   ---   ---   --- 85 
Sambucus sibirica                                 5   ---   ---   ---   ---   ---   ---   --- 85 
Persicaria hydropiper                             6   ---   ---   ---   ---   ---   ---   --- 85 
Salix rhamnifolia                                  4   ---   ---   ---   ---   ---   ---   --- 85 
Cacalia hastata                                    6   ---   ---   ---   ---   ---   ---   --- 85 
Ribes nigrum                                       6   ---   ---   ---   ---   ---   ---   --- 78 
Equisetum fluviatile                              6   ---   ---   ---   ---   ---   ---   --- 68 
Poa palustris                                      6   ---   ---   ---   ---   ---   ---   --- 68 
Carex rhynchophysa                                6   ---   ---   ---   ---   ---   ---   --- 68 
Other species           
Rhododendron dauricum                             5 60 35   ---   ---   ---   ---   ---   --- 
Ceratodon purpureus                               9   --- 26   ---   ---   ---   ---   ---   --- 
Thalictrum baikalense                             6   ---   ---   ---   --- 40   --- 40   --- 
Vicia cracca                                       6   --- 1.6   ---   --- 45   --- 45   --- 
Rosa acicularis                                    6   --- 29   ---   ---   ---   ---   ---   --- 
Vaccinium vitis-idaea                             6   --- 28   ---   ---   ---   ---   ---   --- 
Populus tremula                                    1   --- 24   ---   ---   ---   ---   ---   --- 
Lathyrus humilis                                   6   --- 5.5   ---   ---   ---   ---   ---   --- 
Pinus sylvestris                                   1   --- 21   ---   ---   ---   ---   ---   --- 
Milium effusum                                     6   --- 31   ---   ---   ---   ---   ---   --- 
Rubus arcticus                                     6   --- 20   ---   ---   ---   ---   ---   --- 
Maianthemum bifolium                              6   --- 15   ---   ---   ---   ---   ---   --- 
Chamaenerion angustifolium                        6   --- 29   ---   ---   ---   ---   ---   --- 
Hylocomium splendens                              9   ---   --- 10 54 54   ---   ---   --- 
Sorbus sibirica                                    4   ---   --- 15   ---   ---   ---   ---   --- 
Dryopteris carthusiana                            6   ---   --- 14   ---   ---   ---   ---   --- 
Gymnocarpium dryopteris                           6   ---   --- 35   ---   ---   ---   ---   --- 
 
The synoptic table 12 represents an overview of all the classified forest 
units. Synoptic tables are applied to large data sets in order to give a summary of 
species fidelity to a specific phytosociological unit. All the values in the synoptic 
table 12 represent the percentage constancy of the species for each forest 
association according to the phi-coefficient. As it was mentioned in the chapter 
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“Methods and Materials”, we used the phi-coefficient for species fidelity 
calculation. The species which exceed a threshold of 25% of fidelity are diagnostic 
for each association, and they are marked by square frames.  
 
IV.3.2. Scheuchzerio-Caricetea nigrae (Nordh. 1936) Тx. 1937 Class 
IV.3.2.1.Phytosociological Units of Scheuchzerio-Caricetea nigrae Class 
27 relevés of the fen communities in the Katkovskaya mountain range are 
classified into class Scheuchzerio-Caricetea nigrae (Nordh. 1936) Тх. 1937. 
This class unites open oligo-mesotrophic and mesotrophic peatlands with the 
dominance of sedges and mosses. Within Scheuchzerio-Caricetea nigrae class, the 
following units are classified. 
1. Order Sphagno warnstorfii-Tomentypneetalia Lapshina 2010.  
1.1. Alliance Oxycocco palustris-Sphagnion warnstorfii Lapshina2010. 
1.1.1. Association Sphagno warnstorfii-Betuletum nanae Lapshina 
2010 (Table 13, Fig. 13). 
Number of relevés: 27 (initial relevé number: 146, 155, 162, 152, 156, 148, 
144, 150, 158, 151, 149, 141, 159, 160, 140, 147, 157, 153, 143, 154, 142, 145, 
161, 167, 164, 163, 165) 
Sharpness: 60.35 
Diagnostic species: Betula pendula [4], Larix sibirica [4]; Andromeda 
polifolia [6], B. nana [6], Calamagrostis neglecta [6], Carex appendiculata [6], 
C. diandra [6], C. lasiocarpa [6], C. limosa [6], C. rostrata [6], Comarum palustre 
[6], Dactylorhiza incarnata [6], Drosera rotundifolia [6], Equisetum palustre [6], 
Galium uliginosum [6], Oxycoccus microcarpus [6], O. palustris [6]; 
Aulacomnium palustre [9], Sphagnum angustifolium [9], Sphagnum centrale [9], 
Sphagnum fuscum [9], Sphagnum squarrosum [9], Sphagnum teres [9], 
Sphagnum warnstorfii [9], Tomentypnum nitens [9] 
Constant species: Cardamine pratensis [6], Carex cinerea [6], Ledum 
palustre [6], Maianthemum bifolium [6], Pinus sibirica [6], P. sylvestris [6], 
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Rubus arcticus [6], R. chamaemorus [6], Vaccinium uliginosum [6], Pleurozium 
schreberi [9] 
Dominant species: Betula pendula [1]; Salix pulchra [4]; Andromeda 
polifolia [6], B. nana [6], Calamagrostis neglecta [6], Carex appendiculata [6], 
C. diandra [6], C. lasiocarpa [6], Ledum palustre [6], Lycopodium clavatum [6], 
Oxycoccus palustris [6]; Sphagnum angustifolium [9], S. warnstorfii [9]. 
This association unites Carex-Hypnum-Sphagnum dwarf birch communities, 
which grow under the conditions of stagnant excessive groundwater produced by 
melted seasonal permafrost, the waters of river valleys, and mountain slopes. The 
diagnostic feature of the communities is a continuous Sphagnum carpet and a high 
density of the shrub layer, which is represented by B. nana. Sphagnum species 
create hummocks (0-30 cm). At the bottom of the hummocks, we observe Hypnum 
mosses colonies, especially, those of A. palustre and T. nitens. 
  
  Fig. 13 Communities of Sphagno warnstorfii-Betuletum nanae association and Carex 
lasiocarpa 
 
The communities are homogeneous, the tree species permeate inside; 
however, they are low, and P. sylvestris takes a spreading form, which is identified 
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as a wetland form of P. sylvestris f. uliginosa. Typical fen species form the herb 
layer. They are Carex lasiocarpa, C. diandra, C. rostrata, C. limosa, Comarum 
palustre, D. rotundifolia, O. palustris, C. neglecta. In the moss layer, in addition to 
a high abundance of S. warnstorfii, we observe moderately frequent occurrence of 
S. centrale, S. angustifolium, and S. fuscum. In the shrub layer, B. nana subsp. 
rotundifolia, covers up to almost 80% of the area. However, faithful to wetland 
communities shrub species are numerous. They are L. palustre, V. uliginosum, A. 
polifolia, and species of Salix.  
Within Sphagno warnstorfii-Betuletum nanae association, we distinguish 
one community based on three relevés (164, 163, 165). This community occupies a 
small adjacent area next to Sphagno warnstorfii-Betuletum nanae communities 
(Table 13, cluster 2). It is characterized by a high occurrence of C. lasiocarpa and 
an absence of B. nana. 
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Table 13. Phytosociological units of fens 
 Relevé number 
lay- 
er 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 25 24 26 27 
Initial relevé number 
 1
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15
5 
16
2 
15
2 
15
6 
14
8 
14
4 
15
0 
15
8 
15
1 
14
9 
14
1 
15
9 
16
0 
14
0 
14
7 
15
7 
15
3 
14
3 
15
4 
14
2 
14
5 
16
1 
16
7 
16
4 
16
3 
16
5 
Class Scheuchzerio-Caricetea nigrae and Order Sphagno warnstorfii-Tomentypneetalia        
Carex lasiocarpa 6 3 2 2 3 3 3 3 2 3 2 3 3 3 2 3 3 2 2 3 3 3 3 3 3 4 4 4 
Calamagrostis neglecta 6 . 3 . 3 3 2 2 . 3 3 3 3 . 3 2 . 3 3 . 3 3 . . . . . . 
Comarum palustre 6 2 . 2 2 2 2 2 2 . 2 r 2 2 2 2 2 2 r 2 2 r 3 2 2 . . . 
Carex diandra 6 3 3 3 3 3 3 3 3 3 2 2 2 3 3 2 2 3 2 3 3 3 3 3 . . . . 
Carex limosa 6 . . 2 2 . 2 . . 2 2 2 2 2 2 2 2 2 2 . r 2 . . . . . . 
Carex rostrata 6 2 2 2 . 2 2 2 . . 2 2 2 2 . 2 2 2 2 2 2 2 2 2 . . . . 
Oxycoccus palustris 6 . . . . . . 2 2 . 3 2 . 2 . . 2 2 . 2 2 . 3 2 . . . . 
Ass. Sphagno warnstofrii-Betuletum nanae and All.Oxycocco palustris-Sphagnion warnstorfii      
Betula nana 6 3 3 3 3 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 . . . . 
Ledum palustre 6 3 3 3 3 2 2 3 . . . 2 . 3 3 . 2 . 2 3 . r . . . r . . 
Vaccinium uliginosum 6 . 3 3 . 2 3 2 3 . . 2 . . 2 . . 2 2 . 3 . . . . . . . 
Sphagnum warnstorfii 9 4 4 4 3 3 3 3 4 4 4 3 3 4 3 4 4 4 3 4 4 3 4 3 2 . r . 
Tomentypnum nitens 9 2 2 2 2 2 2 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 . . 3 
Aulacomnium palustre 9 . 2 2 . 2 . 2 . 2 2 2 2 2 2 2 2 2 2 2 . 3 2 . 2 . . . 
Sphagnum angustifolium 9 2 2 2 3 3 2 . . 2 2 3 2 2 3 2 . 2 2 . . . . 3 . . . . 
Sphagnum centrale 9 . 2 . . 2 . 2 . 3 . 2 2 . 2 2 2 2 3 3 2 . 3 3 . . . . 
Drosera rotundifolia 6 . 2 2 2 . 2 2 2 2 . 2 2 2 2 2 . 2 2 . 2 2 . . 2 . . . 
Sphagnum fuscum 9 2 2 2 . 2 2 3 . 2 2 . 2 2 2 . . . 2 . . . . 2 . 2 . . 
Galium uliginosum 6 . 2 2 . . 2 . . . . . 2 2 2 . 2 . 2 . . 2 . 2 . 2 2 . 
Cardamine pratensis 6 . . . . . 2 . . 2 . . . . 2 . r . . . . r r r r . . . 
Community Carex lasiocarpa                        
Sphagnum platyphyllum 9 . . . . . . . . . 2 . . . . . . 2 . 2 . . . . . 2 2 2 
Leptobryum pyriforme 9 . r . . . . . . . . r . . . . . . . r . . . r . r 2 r 
Campylium polygamum 9 . . . . . 2 . . 2 . . . . . 2 . . 2 . . . . 2 . r 2 r 
Betula fruticosa 4 . . . . . . . . . 2 . . . . . . . . 2 . 3 . . . r . r 
Chamaenerion angustifolium 6 . . . . . . . . . . . . . . . . . . . . . . . . 2 2 . 
Other species                              
Betula pendula 4 . 2 2 3 3 2 . . r . 2 . . 2 . r 2 . . 3 . 3 r . . . . 
Larix sibirica 4 . 2 2 . r 2 2 . . 2 2 . . 2 . . 3 . 2 2 2 . . . . . . 
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Continuation of Table 13. 
Pinus sylvestris 6 . 2 . 2 2 2 . . . . 2 . 2 2 . r . . . . 2 r 3 . . . . 
Pleurozium schreberi 9 . 2 . 2 2 2 . . . . 2 . . 2 2 . . 2 . . 2 . . . . . . 
Oxycoccus microcarpus 6 . r . . . . 2 . . 2 . . . 2 . . 2 . 2 2 . 2 2 . . . . 
Pinus sibirica 6 . . 2 2 r 2 2 . . . 2 . . 2 . . . . 2 2 . . . . . . . 
Rubus arcticus 6 . . 2 2 . . 3 . . . . . . 2 . . 2 2 . 2 . . . . r . . 
Dicranum polysetum 9 . 2 . 2 2 2 . . . . 2 2 . 2 . . . 2 . . . . . . . . . 
Polytrichum longisetum 9 . . . r . r . r . . r . . . . r . . . . . . . . r 2 . 
Vaccinium vitis-idaea 6 . 3 3 3 2 2 . . . . 2 . . . . . . 2 . . . . . . . . . 
Sphagnum squarrosum 9 . 2 . 2 2 . . . . . 2 2 . 2 . . . 2 . . . . . . . . . 
Calamagrostis langsdorffii 6 . . 2 . . . . 2 . 2 . . . . . . 2 . . 2 . . . . r . . 
Equisetum palustre 6 2 . . 2 . . 2 . r . 2 . . . 2 . . . . . . . . . . . . 
Maianthemum bifolium 6 . . . . . 3 . 2 . . 2 . . . . . . . r r . r . . . . . 
Sphagnum teres 9 . . . . . . . 2 . . . . 2 . . 2 2 2 . . 3 . . . . . . 
Menyanthes trifoliata 6 . . . . . . . . r r . . . . . . . . . . . . r . r r . 
Rubus chamaemorus 6 . . . . . . . . . . 2 . . 2 . . . 2 r . . . . . r . . 
Salix myrtilloides 6 2 . 2 . . . . . . . . . . . . 2 . . . 2 . . . r . . . 
Andromeda polifolia 6 3 . . . . . . 3 . 2 . . . . . . 3 . . . . . 2 . . . . 
Sphagnum capillifolium 9 . 2 . 2 . . . . . . 2 2 . . . . . . . . 2 . . . . . . 
Carex cinerea 6 . . . . . . 2 . . 2 . 2 . . . 2 2 . . . . . . . . . . 
Empetrum nigrum 6 . . 2 . . 2 3 . . . . . . 3 . . . . . . . . . . . . . 
Carex appendiculata 6 . . . . . . . . . . . . 3 . . . 2 . . . 3 . 2 . . . . 
Salix pulchra 4 . . . . . . . . . 3 . . . . . . . . . . r . . r . . . 
Salix phylicifolia 5 3 . 2 . . . . . . . . . . . . . . . . 3 . . . . . . . 
Carex juncella 6 . 2 2 . . . . . . . . . . . . . 2 . . . . . . . . . . 
Abies sibirica 4 . r r . 2 . . . . . . . . . . . . . . . . . . . . . . 
Rhododendron dauricum 5 . . . 2 2 . . . . . . . . 2 . . . . . . . . . . . . . 
Polytrichum strictum 9 . . . 2 r 2 . . . . . . . . . . . . . . . . . . . . . 
In one and two relevés only: In herb layer: Angelica tenuiflora 12:2; Agrostis clavata 26:2; Baeothryon alpinum 13:2, 25:2; Caltha palustris 
21:r; Carex cespitosa 6:2, 27:2; Carex curaica 14:2; Carex juncella 15:2; Carex rhynchophysa 9:3, 22:3; Carex schmidtii 18:2; Equisetum fluviatile 
1:2, 17:3; Dactylorhiza incarnata 9:r, 13:r; Equisetum hyemale 16:r; Equisetum pratense 20:2; Equisetum sylvaticum 6:2; Equisetum variegatum 
21:r; Galium boreale 1:6; Glyceria spiculosa 12:2, 15:2; Linnaea borealis 11:2; Lycopodium clavatum 16:3; Pedicularis labradorica 6:2; Trientalis 
europaea 6:2, 11:2; Vicia cracca 16:2; Vaccinium vitis-idaea 9:2, 12:2. In moss layer: Paludella squarrosa 22:2; Sphagnum wulfianum 5:2, 12:2; 
Sphagnum russowii 7: r, 14:r; Cladonia stellaris 14:2; Cladonia furcata 14:2. In shrub layer: Spiraea salicifolia 18:2, 20:r; Salix krylovii 3:2.  
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IV.3.3. Oxycocco-SphagneteaBr.-Bl et R. Tx. 1943 Class 
IV.3.3.1. Phytosociological Units Oxycocco-Sphagnetea Class 
28 relevés are classified into the class Oxycocco-Sphagnetea Br.-Bl et R. 
Tx. 1943, which represents pine-shrub-sphagnum oligotrophic communities of 
raised bogs. The following units are classified within this class. 
1. Order Vaccinio uliginosi-Pinetalia sylvestris Passarge et G. 
Hoffman 1968. 
1.1. Alliance Vaccinio uliginosi-Pinion sylvestris Passarge et G. 
Hofmann 1968. 
1.1.2. Association Chamaedaphno-Pinetum sibiricae Chytrý, Pešout 
et Anenkhonov 1998 (Table 14, Fig. 14). 
Number of relevés: 28 (initial relevé number: 121, 25, 123, 126, 118, 127, 
120, 113, 135, 137, 131, 138, 129, 136, 132, 117, 130, 134, 124, 139, 122, 119, 
128, 133, 48, 89, 49, 39) 
Sharpness: 53.97 
Diagnostic species: Betula pendula [1], Larix sibirica [1], Pinus 
sibirica[1]; Salix glauca [6]; Andromeda polifolia [6], B. nana [6], Bistorta 
major [6], Calamagrostis neglecta [6], Chamaedaphne calyculata [6], Drosera 
rotundifolia [6], Equisetum palustre [6], Glyceria spiculosa [6], Herminium 
monorchis [6], Ledum palustre [6], Oxycoccus microcarpus [6], O. palustris 
[6], Rubus chamaemorus [6], Smilacina trifolia [6], Spiraea salicifolia [6], 
Vaccinium uliginosum [6], Amblystegium serpens [9], Calliergon 
megalophyllum [9], Dicranum bonjeanii [9], Polytrichum longisetum [9], P. 
strictum [9], Sanionia uncinata[9], Sphagnum angustifolium [9], S. 
capillifolium [9], S. centrale [9], S. cuspidatum [9], S. fuscum [9], S. russowii 
[9], S. squarrosum [9], S. subsecundum [9], S. wulfianum [9]. 
Constant species: Pinus sylvestris [1], Rhododendron dauricum [5]; 
Carex lasiocarpa [6], Comarum palustre [6], Linnaea borealis [6], 
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Maianthemum bifolium [6], Rosa acicularis [6], Rubus arcticus [6], 
Vaccinium vitis-idaea [6], Pleurozium schreberi [9] 
Dominant species: B. pendula [1]; Salix rhamnifolia [6]; S. glauca [6]; 
B. nana [6], C. juncella [6], C. lasiocarpa [6], L. palustre [6], O. palustris [6]; 
S. angustifolium [9]. 
This association is forested oligotrophic continental bogs, which occupy 
territories around fen communities of Scheuchzerio-Caricetea nigrae class. The 
frequent tree species are Pinus sibirica, P. sylvestris, B. pendula, and L. sibirica 
with the coverage up to 40%. Due to the oligotrophic conditions of the substrate 
the tree species are thin and moderately low (5 – 15 m). The dense shrub layer is 
formed by L. palustre, C. calyculata, V. uliginosum, and, in some areas, by A. 
polifolia. Their coverage exceeds 50% with the height less than 1 m. One of the 
main features of these communities is continuous moss carpets, which are 
comprised of Sphagnum species. They form distinct hummocks (0-60 cm). In 
the moss carpet, S. fuscum and S. angustifolium are dominant with the coverage 
up to 100%. Their physiognomic similarity makes tracing their spatial 
distribution pattern difficult. However, these two species perform the edificatory 
role in continental forested bogs. S. squarrosum colonizes the moistest locations 
at the bottom of the Sphagnum hummocks. Some Sphagnum species are 
represented by S. russowii and S. capillifolium without a strict affiliation with a 
particular wetland vegetation type. Among Hypnum mosses, the most abundant 
are P. schreberi and P. strictum. In the herb layer, we observe the species from 
forest and azonal floristic complexes. The most typical boreal forest species, M. 
bifolium, L. borealis, R. arcticus, and Equisetum sylvaticum permeate moss 
carpets. However, typical wetland species, C. neglecta, D. rotundifolia, R. 
chamaemorus, O. microcarpus, O. palustris, E. palustris, and C. lasiocarpa are 
the most dominant in the herb layer. The individual plants of C. neglecta reach 
the height up to 1.5 m and form dense colonies. Ryam (finn. – forested bogs) 
communities have a flat-bulging structure of the surface that results in the 
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margins of the adjacent territories being supplied by water. In such adjacent 
territories, one community is registered. Carex cespitosa-Betula pendula 
community (Table 14) is classified based on four relevés (48, 89, 49, 39). It is a 
variation of a continental ryam with the dominance of Betula pendula and 
hummocky sedges, Carex cespitosa, C. juncella, and C. cinerea. This 
community grows in the condition of excessive soil moisture. This community 
creates a thin ecotone line between the continental raised bogs and the fen 
communities (about 3-4 m wide). The hummocky sedge species change the 
elevation up to 1-1.5 m.   
  
  Fig. 14 Communities of Chamaedaphno-Pinetum sibiricae association and Carex cespitosa-
Betula pendula
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Table 14. Phytosociological units of bogs 
Relevé number lay. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
Initial relevé number  1
21
 
25
 
12
3 
12
6 
11
8 
12
7 
12
0 
11
3 
13
5 
13
7 
13
1 
13
8 
12
9 
13
6 
13
2 
11
7 
13
0 
13
4 
12
4 
13
9 
12
2 
11
9 
12
8 
13
3 
48
 
89
 
49
 
39
 
Class Oxycocco-Sphagnetea                      
Ledum palustre 6 3 3 2 2 3 . 3 3 2 2 2 2 3 2 3 2 3 3 3 2 3 3 r . 2 . 3 3 
Vaccinium uliginosum 6 2 2 . . 2 3 2 2 2 2 2 2 3 . 2 2 3 2 r 2 2 2 r 2 2 . 2 . 
Oxycoccus palustris 6 3 2 2 3 3 3 3 . 2 2 2 . 2 . 2 2 2 2 3 3 3 2 2 2 . . . . 
Sphagnum angustifolium 9 3 3 3 3 4 4 4 3 . . 4 . 4 . 4 2 3 4 3 . 4 4 2 4 . . . . 
Polytrichum strictum 9 3 2 3 . 2 . 2 . 3 3 . 3 . 3 . 2 2 . 3 2 2 2 . 2 . . . . 
Order Vaccinio uliginosi-Pinetalia sylvestris                         
Betula pendula 1 2 2 3 . 2 2 2 2 3 2 3 2 3 3 2 3 3 3 3 2 3 2 3 3 2 2 3 3 
Pinus sylvestris 1 2 2 2 2 3 2 3 . . 2 2 . 2 . . 3 . 2 . 2 2 2 . 2 2 . . . 
Vaccinium vitis-idaea 6 3 2 3 2 2 2 2 . . . 2 2 . . 3 2 2 3 2 . 2 3 . r 2 2 . 2 
Andromeda polifolia 6 3 3 2 2 2 2 2 . . . . . . . 2 2 2 2 2 . . . 2 . . . . . 
Drosera rotundifolia 6 2 . . . 2 2 2 . . . . . 2 . . 2 2 2 2 . . 2 . 2 . . . . 
Betula nana 6 . . 3 2 . 2 . 3 . . 2 . . . . . 2 . . 2 2 2 . . . . . . 
Alliance Vaccinio uliginosi-Pinion sylvestris                        
Pleurozium schreberi 9 2 2 2 . 2 . . . 2 . 2 . . . . 2 2 2 2 . . 3 2 2 . . . . 
Dicranum polysetum 9 . . . . 2 2 . . 2 . . . . . . . . . 2 . . 2 . 2 2 . . r 
Sphagnum russowii 9 . 2 2 . . . 2 . . r 2 . 2 2 2 . 2 3 2 r . . 2 . . . . . 
Sphagnum capillifolium 9 . . . 2 . . . . . . . . . . . 2 . . . . 2 2 . 2 . . . . 
Association Chamaedaphno-Pinetum sibiricae                       
Pinus sibirica 1 2 2 r 2 2 3 2 3 2 . 2 2 2 2 3 3 2 2 3 . 3 2 2 3 2 . . 3 
Larix sibirica 1 2 2 2 2 2 . 2 2 2 2 . . 2 . 3 2 2 3 2 2 2 2 . 2 2 . . 2 
Sphagnum fuscum 9 . 2 2 2 3 2 2 . 2 r 2 r 2 r 2 3 2 2 2 2 . 2 2 2 . . . . 
Chamaedaphne calyculata 6 2 3 2 3 3 2 3 . . 2 3 . 3 . 3 2 2 2 2 2 3 2 . . . . . . 
Maianthemum bifolium 6 2 2 2 2 . . . . . . 2 . . . . 2 2 . r . r 2 r . 2 . . 2 
Calamagrostis neglecta 6 . . . 3 2 2 2 2 3 2 2 . . . . 2 2 . . 3 . 2 . . . . . . 
Sphagnum centrale 9 . r r r 2 r 2 . . . 2 . 2 . . 2 . . r . r . r . . . . . 
Linnaea borealis 6 . 2 . 2 r . . . . . . . . . . r 2 3 r . r 2 . 2 . . . 2 
Rubus chamaemorus 6 . 2 . . 2 . . . 2 . 2 2 . 2 . 2 . . 2 2 . 2 2 . . . . . 
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 Continuation of Table 14. 
Sphagnum squarrosum 9 . r r r . r . . . . r . r . . 2 r r r . . . r . . . . . 
Comarum palustre 6 . . . . . 2 . . . 2 2 2 . . . 2 2 . . . r 2 . . 2 . . 2 
Rubus arcticus 6 . . . . . . . . 2 2 . 2 2 2 . . 2 . 2 2 2 . . . . . . 2 
Community Carex cespitosa - Betula pendula               
Spiraea salicifolia 6 2 2 . r . . . r . 2 . . . 2 . . . . r 2 . 2 . . . 2 . 2 
Cardamine pratensis 6 . . . . . . . . . . 2 . . . . . . . . 2 . 2 r . 2 . 2 . 
Carex juncella 6 . . 2 . . . . . 3 . . . . 3 . . 2 . . 2 . . . . . . . 2 
Polytrichum commune 9 . . . . . . . . . . . . . . . . . . . . . . . . 2 . 2 2 
Carex cinerea 6 r . . 2 . . . . . . . . . . . . 2 . . . . r . . . 2 2 . 
Carex cespitosa 6 . . . . . . . . . . 2 . . . . . . . . . . . . . 2 . 3 . 
Other species                              
Equisetum palustre 6 . . . . 2 . . 2 2 2 . 2 . 2 . . . . . 2 2 . 3 . . . . . 
Oxycoccus microcarpus 6 . . . . r . 2 . . . 2 2 2 . . r 2 . . 2 . r . . . . . . 
Rosa acicularis 6 r 2 2 r . . r . . . . . . . . . . . r . . 2 . . . . . 2 
Carex lasiocarpa 6 2 2 . . 2 . 2 . . . . . . . 2 2 . . . . . 2 3 . . . . . 
Polytrichum longisetum 9 2 2 . . . . . . 2 2 2 . 2 . . . . . . 2 . 2 . . . . . . 
Dicranum bonjeanii 9 . . . . r 2 . . 2 r . r 2 . . . . . 2 2 . . . . . . . . 
Equisetum sylvaticum 6 r 2 . r . . r . . . . . . . . . . . r . . r . . . . . 2 
Rhododendron dauricum 5 2 . . . r . r . . r . . . . . r . . . . r r . . . . . . 
C. langsdorffii 6 2 . . 2 . . . . . . . 2 2 . . 2 . . . . . . . . . . . 3 
Sphagnum subsecundum 9 . 2 . . . . . . 2 2 2 . . . . . . . . 2 . 2 . . . . . . 
Galium uliginosum 6 . . . 2 2 2 . . . . . . . . 2 . . . . . . 2 . 2 . . . . 
Carex limosa 6 . . . . . . . . . 2 . 2 . . . . 2 . . . 2 2 . 2 . . . . 
Epilobium palustre 6 . 2 r . . . . . . . . . . . . 2 . . . . . 2 . . 2 . . . 
Amblystegium serpens 9 2 . . . . 2 . . 2 . . . 2 . . 2 . . . . . . . . . . . . 
Equisetum fluviatile 6 r . 2 . r . r . . . . . . . . r . . . . . . . . . . . . 
Salix glauca 5 . 2 . . . . . . . . . 2 3 . . . . . . 2 2 . . . . . . . 
Abies sibirica 1 . . 2 2 . . . r . . . . . . . 2 . . 2 . . . . . . . . . 
Glyceria spiculosa 6 . . 2 . r . . . . . 2 . . . . r . . . . . 2 . . . . . . 
Trientalis europaea 6 . . . r . . . . . . 2 . . . . . 2 . r . r . . . . . . . 
Sphagnum cuspidatum 9 . . . . . . . . 2 2 . 2 . . . 2 . . 2 . . . . . . . . . 
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Continuation of Table 14. 
Empetrum nigrum 6 . . 2 . . 2 . . . . . . . . 2 . . . . . . 2 . . . . . . 
Salix pulchra 4 . 2 . . . . . . . . . . . . . . 2 . . . . . . . 2 2 . . 
Ranunculus propinquus 6 . 2 . . . . . . . . . . . . . . . . 2 2 . . . . . 2 . . 
Carex pediformis 6 r . . . . 2 r . . . . . . . . . . . . . . r . . . . . . 
Galium boreale 6 . r 2 2 . . . . . . . . . . . . . . . . . . r . . . . . 
Sphagnum wulfianum 9 . . 2 2 . . . . . . . . . . . 2 . . 2 . . . . . . . . . 
Sanionia uncinata 9 . . . . . . . . . . 2 . . 2 . r . . . . r . . . . . . . 
Salix myrtilloides 6 . . . . . . . . . . . . . . . . 2 . . 2 . . . . 2 . . . 
Aulacomnium palustre 9 . . . . . . 2 . . . 2 . . . . . . . . . . . . . . . 2 . 
Tomentypnum nitens 9 . . . . . . . . . . 2 . . . . . . . . 2 . . . . . . 2 . 
Stellaria palustris 6 . . 2 . . . . . . . . . 2 . . . . . . . . 2 . . . . . . 
Equisetum hyemale 6 . . . . . . . . . . . 2 r . . . . . . . 2 . . . . . . . 
Menyanthes trifoliata 6 . . . . . . . . . . . . . . . . 2 . . . r 2 . . . . . . 
In one and two relevés only: In herb layer: Aconitum rubicundum 4:r, 28:2; Agrostis stolonifera 2:2; Aquilegia sibirica 2:2, 26:2; Athyrium 
filix-femina 2:2; Atragene sibirica 2:2; Bistorta major 17:2, 23:2; Calamagrostis epigeios 3:2; Caltha palustris 26:2; Carex appendiculata 2:2, 26:2; 
C.curaica 20:2; C. rhynchophysa 12:2; C. rostrata 2:2, 11:2; C. schmidtii 17:2, 25:2; C. tomentosa 15:3, 25:2; C. vesicaria 26:2; Chrysosplenium 
alternifolium 2:2, 3:2; Dactylorhiza incarnata 17:2; Diphasiastrum complanatum 25:2; Equisetum arvense 15:2, 24:2; E.pratense 12:2; Herminium 
monorchis 9:2, 14:2; Iris ruthenica 25:2; Luzula sibirica 25:2; Lycopodium clavatum 3:2; Minuartia arctica 11:2; Myosotis cespitosa 17:2; Petasites 
frigidus 13:3; Poa palustris 27:3; P.raduliformis 27:2; P. supina 4:2; Pyrola incarnata 4:2; Ranunculus polyanthemos 25:2; Rhinanthus vernalis 4:r; 
Rubus saxatilis 28:2; Sanguisorba officinalis 20:2; Senecio cannabifolius 28:2; Smilacina trifolia 6:2, 22:2; Trifolium pratense 26:2; Veratrum 
lobelianum 3:2; Vicia cracca 13:r, 21:r; V. venosa 4:2; Viola uniflora 2:2. In moss layer: Calliergon megalophyllum 12:2; 14:2; Cladonia furcata 
18:r; Climacium dendroides 25:r; Hylocomium splendens 8:3; Paludella squarrosa 16:2, 21:2; Polytrichum juniperinum 26:2; Ptilium crista-
castrensis 28:r; Rhytidium rugosum 6:2. In shrub layer: Dasiphora fruticosa 12:2, 26:2; Ribes nigrum 23:r; Salix caprea 8:r; S. krylovii 13:2; S. 
phylicifolia 13:2; S. rhamnifolia 11:2; 13:3; Spiraea media 4:2, 21:r. In tree layer: Populus tremula 27:2. 
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IV.3.4. Brometea korotkyi Hilbig et Koroljuk 2000 Class 
IV.3.4.1. Phytosociological Units of Brometea korotkyi Class 
All the xerophytic communities on the shifting sand of the east Siberian-
Central Asian sector of Palearctic are classified into the class Brometea 
korotkyi Hilbig et Koroljuk 2000. The Baikal Siberian vegetation of the 
shifting sands is classified into the following units. 
1. Order Oxytropeditalia lanatae Brzeg et Wika 2001.  
1.1. All. Oxytropidion lanatae Chytrý, Pešout et Anenkhonov 1993.  
1.1.1. Association Craniospermo subvillosi-Leymetum secalini 
Chytrý, Pešout et Anenkhonov 1993 (Table 15, Fig. 15). 
Number of relevés: 14 (68, 80, 77, 72, 79, 73, 67, 76, 71, 69, 78, 70, 74, 
75) 
Sharpness: 86.51 
Diagnostic species: Aconogonon ochreatum [6], A. sericeum [6], Allium 
splendens 6], Alyssum obovatum [6], Artemisia commutata [6], A. 
ledebouriana [6], Astragalus sericeocanus [6], Bromopsis korotkiji [6], 
Calamagrostis epigeios [6], Carex sabulosa [6], Craniospermum subvillosum 
[6], Festuca rubra [6], Isatis oblongata [6], Leymus secalinis [6], Linum 
perenne [6], Oxytropis lanata [6], Phlojodicarpus sibiricus [6], Pinus sylvestris 
[4], Scrophularia incisa [6] 
Constant species: Equisetum arvense [6], Rosa acicularis [6] 
Dominant species: Aconogonon sericeum [6], Carex sabulosa [6], 
Festuca rubra [6], Leymus secalinus [6], Oxytropis lanata [6]. 
They occupy the territories along the coast of Lake Baikal, and they are 
relatively disturbed by humans. These communities of the shifting coastal sands 
represent a mixture of all the associations that are registered in the eastern coast 
of Lake Baikal. For some species, such as L .secalinus, B. korotkiji and 
Hedysarum fruticosum, it is vital to grow in the areas of relatively fixed sands. 
However, due to the human activity, the fixed sand areas are diminishing. Thus, 
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we observe the plant communities tend to localize in undisturbed areas forming 
relatively homogeneous communities. L. secalinus, A. ochreatum, O. lanata, S. 
incisa, A. obovatum, and Ph. Sibirica are the psammophytic core of the 
community structure. Generally, the plant coverage is not high; it fluctuates 
from 5% to 30%. The adventive species from the adjacent forest territories add 
diversity to the floristic composition. In the ecotone line, between the 
psammophyte and forest communities, forest species, such as Vaccinium vitis-
idaea, V. uliginosum, Empetrum nigrum, Arctostaphyllos uva-ursi, and Ledum 
palustre are stepping onto the sand soil of the coastal line. The tree species, 
especially, wind resistant Pinus sibirica and xerophytic P. sylvestris, are 
moderately frequent, with the coverage up to 7% (in 2 relevés they cover 20%). 
In the shrub layer, individual plants of Rosa acicularis and Rhododendron 
dauricum occur.  
 
 
Fig. 15 Communities of Craniospermo subvillosi-Leymetum secalini association 
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Table 15. Phytosociological units of shifting sands 
Relevé number lay. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Initial relevé number  6
8 80
 
77
 
72
 
79
 
73
 
67
 
76
 
71
 
69
 
78
 
70
 
74
 
75
 
Class Brometea korotkyi           
Bromopsis korotkiji 6 r 3 . 3 . 2 2 . 3 . . . 3 2 
Carex sabulosa 6 . . . . 3 3 . . . . . . 3 . 
Order Oxydropidetalia lanatae          
Oxytropis lanata 6 . r 2 2 r r 3 2 2 2 3 2 3 3 
Artemisia ledebouriana 6 . . 2 . . . r . . . . . r 2 
Alliance Oxytropidion lanatae   
Scrophularia incisa 6 2 . 2 2 r 2 2 r r 2 2 . r 2 
Aconogonon ochreatum 6 2 2 2 2 3 2 2 . 2 2 3 2 3 3 
Phlojodicarpus sibiricus 6 2 r . . . r 2 . r 2 . 2 2 2 
Festuca rubra 6 . 2 3 . 3 . . 3 . 2 3 . . . 
Ass. Craniospermo subvillosi-Leymetum secalini         
Leymus secalinus 6 2 2 3 3 2 3 2 3 3 2 3 2 r 2 
Allium splendens 6 2 2 2 r 2 . 2 2 2 2 3 2 2 2 
Alyssum obovatum 6 . r 2 r 2 . 3 2 2 3 3 2 2 r 
Aconogonon sericeum 6 . . 2 2 3 3 . . . 2 . 2 3 . 
Linum perenne 6 . . . . . r . r 2 2 . 2 3 r 
Equisetum arvense 6 2 . r 2 2 2 . . . . 3 . . . 
Craniospermum subvillosum 6 2 r . . r 3 2 . . . . . . . 
Tree and shrub species                
Pinus sylvestris 4 . r . 2 . r . . 3 3 . . 2 2 
Pinus sibirica 4 . 2 . . + . . 2 . . r . r . 
Betula pendula 4 . r . . r . . . . 2 . . . . 
Larix sibirica 4 . . . . 2 . . . . 2 . . . . 
Rosa acicularis 6 . . 2 . r r . . . 2 2 . . . 
Rhododendron dauricum 6 . r r . . . . . . . r . . . 
Other species                
Sanguisorba officinalis 6 2 r . . . r . . . . . . . . 
Artemisia commutata 6 . . . 2 . . . . r . . 2 . . 
Chamaenerion angustifolium 6 . . . . r . r . . 2 . . . . 
Empetrum nigrum 6 . . . . r . . 2 . 2 . . . . 
In one or two relevés only: in herb layer: Androsace amurensis 10:2; Anemonidium 
dichotomum 13:2; Antennaria dioica 10:2; Arctostaphyllos uva-ursi 9:2; Aster alpinus 12:2; 
Astragalus propinquus 12:2; Astragalus sericeocanus 13:r, 14:r; Calamagrostis epigeois 8:2, 
14:2; Campanula rotundifolia 1:r; Chamaerhodos grandiflora 13:r; Equisetum hyemale 2:2, 
6:2; Festuca ovina subsp. vylzaniae 9:2, Hedysarum fruticosum 6:r; Isatis oblongata 5:r, 13:r; 
Poa angustifolia 9:r; Pulsatilla turczaninovii 9:r, Ranunculus propinguus 10:2. In moss layer: 
Cladonia furcata 10:2; Cladonia stellaris 2:r, 10:2; Pleurozium schreberi 2:r.In shrub layer: 
Alnus alnobetula subsp. fruticosa 10:2; Ledum palustre 5:r; Dasiphora fruticosa 6:2; Salix 
bebbiana 6:2; Salix phylicifolia 1:r; Spiraea media 6:r; S. salicifolia 1:r; Vaccinium vitis-
idaea 5:r; V. uliginosum 3,9:2, 5,11:r.  
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IV.4. DCA Ordination and Sharpness 
All relevés of classified associations were included into the DCA 
ordination figure (Fig. 16).  
 
Fig. 16 Results of DCA with Sharpness values (in parantheses) 
Cluster numbers: 1 – Craniospermo-Leymetum secalini (86.51), 2 – 
Calamagrostio epigei-Pinetum sylvestris (43.21), 3 – Calamagrostio obtusatae-
Laricetum sibiricae (13.84), 4 – Calamagrostio obtusatae-Abietetum sibiricae 
(11.21), 5 – Pinus pumila-Abies sibirica comm., 6 – Brachypodium pinnatum-
Abies sibirica comm. 7 – Maianthemo bifolii-Pinetum sibiricae (31.74), 8 – 
Cardamino macrophyllae-Abietetum sibiricae (52.83), 9 – Matteuccio 
struthiopteridis-Abietetum sibiricae (76.41), 10 – Chamaedaphno-Pinetum 
sibiricae (53.97), 11 – Sphagno warnstorfii-Betuletum nanae (60.35). 
The results of the indirect DCA ordination show grouping of the clusters 
along two axes. Sharpness is the proportion or quality of diagnostic species 
relative to the average species richness of vegetation stands. We used sharpness 
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to analyze how robust the diagnostic species are confined to a specific 
phytosociological unit. 
The parallel analysis of the DCA ordination and sharpness reveals that the 
clusters with a visible isolation along the axes have higher sharpness values. 
Hence, the sharpest associations are those with the most distinct ecological 
boundaries and the specific requirements for habitats. Two axes are interpreted 
as the axis of a moisture gradient (DCA3) and the axis of a nutrient status 
gradient (DCA1).  
The cluster 1, Craniospermo subvillosi-Leymetum secalini association, 
has the highest value of sharpness (86.51), and it is located along the axis 
DCA1, between the values 3 and 4. The high sharpness value is explained by the 
fact that the association comprises a big number of specialist species. They are 
11 species with the fidelity higher than 60% growing on the ecologically 
specific sand habitats of Lake Baikal which are commonly considered as the 
most oligotrophic type of soils. 
The habitat oligotrophic conditions and the consistent high abundance of 
fruticose lichens in the community structure of the xerophytic light coniferous 
forests result in the moderately medium sharpness value of 43.21 and their 
location between values 1 and 2 along the nutrient gradient DCA1 axis. 
Along the axis DCA1, cluster 4, Calamagrostio obtusatae-Abietetum 
sibiricae association, leans towards a more nutrient rich habitat. This cluster 
unites the communities with the dominance of Abies sibirica in the tree layer. 
The ecological preferences of the fir forests explain this tendency. The weakly 
developed root system of A. sibirica requires more fertilized well-drained soils. 
Along the moisture gradient DCA3, we observe the transition of clusters 
from the mesophytic forests of Pino sibiricae-Laricion sibiricae alliance to the 
fen communities of Sphagno warnstorfii-Betuletum nanae association. Between 
the values 0 and 2 of the axis DCA3, we have the dense grouping of the 
mesophytic forest clusters, such as 3 – Calamagrostio obtusatae-Laricetum 
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sibiricae (13.84), 4 – Calamagrostio obtusatae-Abietetum sibiricae (11.21), 7 – 
Maianthemo bifolii-Pinetum sibiricae (31.74). The dense grouping of these 
clusters is explained by their similar ecological requirements to the habitat 
environment and by their similar floristic composition. As a result, the 
associations from the same alliance comprise the least number of faithful species 
with a low diagnostic capacity and, consequently, the lowest sharpness values. 
Closer to the value 0, the clusters of Aconito rubicundi-Abietion sibiricae 
alliance are located. The clusters 8 and 9, Cardamino macrophyllae-Abietetum 
sibiricae and Matteuccio struthiopteridis-Abietetum sibiricae associations 
require the moistest conditions within the forest communities of Siberia. Hence, 
the specialist species dominate; they usually execute a diagnostic role in the 
community structure which is expressed by the high sharpness values of 76.41 
and 52.83 respectively. 
 The clusters of the raised bogs, Chamaedaphno-Pinetum sibiricae (53.97) 
and the fen communities of Sphagno warnstorfii-Betuletum nanae (60.35) are 
located between the values 0 and -3 of the DCA3 axis. The wetland 
communities being located in depressions and stagnant water feed determine 
moderately high sharpness values of the fens and the continental forested bogs. 
 
IV.5. Spatial Structure of the Vegetation 
The mapped topographical units are correlated with the association units 
of the phytosociological classification and the other land cover classes, which 
are not in the scope of the current study, such as Lake Baikal and its littoral, 
rock exposure, and deforested areas (Fig. 17).  
The overall accuracy of the classified raster is 58% (Table 16). The most 
accurately classified classes are Lake Baikal and its littoral (class 10 and 11), 
communities of shifting sands Craniospermo-Leymetum secalini (class 9), 
wetlands Sphagno warnstorfii-Betuletum nanae (class 7) and Chamaedaphno-
Pinetum sibiricae (class 6), siberian pine forest Maianthemo bifolii-Pinetum 
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sibiricae (class 8). Forest associations Calamagrostio obtusatae-Laricetum 
sibiricae (class 1), Calamagrostio obtusatae-Abietetum sibiricae (class 3), 
Calamagrostio epigei-Pinetum sylvestris (class 5), and deforested areas (class 2) 
have the lowest accuracy.  
Table 16. Accuracy assessment results 
№ Class name 1 2 3 4 5 6 7 8 9 10 11 Totals 
Class 
acc.% 
Com 
err.% 
1 
Calamagrostio 
obtusatae- 
Laricetum sibiricae 
0 0 0 0 0 1 0 0 0 0 0 1 0 100 
2 Deforested areas 8 1 1 0 0 0 0 0 0 0 0 10 10 90 
3 
Calamagrostio 
obtusatae-Abietetum 
sibiricae 
1 0 0 0 0 0 1 0 0 0 0 2 0 100 
4 Rock exposure 12 3 12 0 1 2 3 2 0 0 0 35 0 100 
5 
Calamagrostio epigei-
Pinetum sylvestris 0 0 0 0 1 0 0 0 0 0 0 1 100 0 
6 
Chamaedaphe-Pinetum 
sibiricae 8 0 2 0 0 15 1 1 0 0 0 27 56 44 
7 
Sphagno warnstorfii-
Betuletum nanae 0 1 0 0 3 0 8 0 1 0 0 13 62 38 
8 
Maianthemo bifolii-
Pinetum sibiricae 0 0 0 1 1 0 1 5 0 0 0 8 63 37 
9 
Craniospermo-
Leymetum secalini 0 0 0 0 0 0 1 0 6 0 0 7 86 14 
10 Littoral 0 0 0 1 0 0 0 0 0 30 0 31 97 3 
11 Lake Baikal 0 0 0 0 0 0 0 0 0 0 30 30 100 0 
Totals 
 29 5 15 2 6 18 15 8 7 30 30 165 
Class accuracy % 
 0 20 0 0 17 84 54 63 86 100 100 Overall accuracy 
58% Om error% 
 100 80 100 100 83 16 46 37 14 0 0 
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Maximikha 
Goryachinsk 
457 m  
1306 m 
Fig. 17  
 Vegetation in the vicinity 
of Goryachinsk village. Goryachinsk 
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The map reveals the vegetation distribution within the studied area. The 
mountain range itself is mainly covered by two types of forest which create 
homogeneous altitudinal taiga sub belts. The communities of the dark coniferous 
forest Calamagrostio obtusatae-Abietetum sibiricae occur at the highest altitudes 
(dark umber) and the communities of the mixed coniferous-deciduous forest 
Calamagrostio obtusatae-Laricetum sibiricae (peacock green) occupy the middle 
and the bottom part of the mountain range.  
The south-western part of the studied territory near to Goryachinsk village 
represents a more heterogeneous area in comparison with the mountain range. 
Due to the plain landform, close occurrence of permafrost and ground waters, 
the territory is covered by a more diverse vegetation. The wetland communities 
of Chamaedaphno-Pinetum sibiricae (rose quartz) grow around the fen 
communities Sphagno warnstorfii-Betuletum nanae (flame red) where they 
occupy territories along creeks and seasonal permafrost in depressions. The 
plain landform and strong cool western winds contribute to the formation of 
relatively wide shoreline which is occupied by the specific communities of 
shifting sands Craniospermo-Leymetum secalini (citron yellow) and the forest 
composed of the siberian pine Maianthemo bifolii-Pinetum sibiricae (burnt 
umber). The communities of the light coniferous forest Calamagrostio epigei-
Pinetum sylvestris (seville orange) occupy the inland territories at the bottom of 
the Gernaya Griva mountain range. However, it is inaccurately classified as 
Maianthemo bifolii-Pinetum sibiricae association. The alliance of the 
hygrophytic dark coniferous forests Aconito rubicundi-Abietion sibiricae is not 
classified and not shown on the map.  
Deforested areas occur near to the login paths. Rock exposures are located 
at the top of the Katkovskaya mountain range and represent stone run boulders 
of granites. It is indistinctively classified due to its spatial interaction with the 
dark coniferous forest communities of Calamagrostio obtusatae-Abietetum 
sibiricae.  
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IV.6. Soil Diversity 
7 soil profiles are identified as 7 soil types by means of Russian soil 
classification (Shishov et al. 2004). 
Soil Profile 1 (SP1) 
Location: the top of the eastern slope of the Katkovskaya mountain range; 
1 km away from Lake Baikal coastal line; 600 m away from the regional road 
Ulan-Ude-Kurumkan in the south-west; 3.5 km away from Maksimikha in the 
west 
Altitude: 650 m 
Coordinates: 53°16'18.52"N, 108°41'48.00"E 
Landform: the top of the Katkovskaya mountain range 
Vegetation: mixed coniferous forest; tree layer – Pinus sibirica, Larix 
sibirica, Pinus sylvestris, Betula pendula; not well-developed shrub layer – Rosa 
acicularis, Rhododendron dauricum (sporadic occurrence); herb layer – Allium 
splendens, Bergenia crassifolia, Vaccinium vitis idaea, Calamagrostis obtusata 
AO (0-5) – dry ground litter on the surface, decomposed organic matter 
below 3 cm; brownish colour; Munsell colours: dry – hue 10YR, value 2 chroma 
2; moist – hue 10 YR, value 2, chroma 1; smooth transition by colour; numerous 
roots; features of Umbric qualifier 
B (5-9/12) – fresh; sandy loam texture; cloddy structure; puddled; 
greyish-brownish colour; Munsell colours: dry – hue 2.5 YR, value 3, chroma 2; 
moist – hue 2.5 YR, value 3, chroma 1; a number of stones and roots; wavy 
gradual transition, distinguished by colour 
BC (9/12-27) – fresh; structureless; brownish-greyish colour; Munsell 
colours: dry – hue 2.5 Y, value 4, chroma 2; moist – hue 2.5 Y, value 3, chroma 
2; skeletic with inclusions of rocks, blocks and roots 
Soil type: Lithozem (Fig. 18) 
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Lithozem soil type represents a thin profile on the dense underlying 
bedrock at the depth 25-30 cm. Lithozem is a typical soil type for mountain 
areas with a frigid climate. Soil profile is characterized by high content of rock 
debris from parent material, more than 40% throughout profile. Lithozem of the 
studied area belongs to extremely acidic soils with average pH throughout 
profile– 3.9 (Table 17). 
The topsoil horizon AO represents relatively raw organic matter. 
However, with the depth the organic matter is becoming more humified. 
Organic matter content is high – 14.35%. The high concentration of organic 
matter in the humus horizon is the result of warm temperatures shortage during 
year, which leads to slow mineralization of the ground litter and, consequently, 
organic matter accumulation. According to the medium level of decomposition, 
the moder-humus type is identified. CEC value is the highest in this horizon. 
The horizon is not compact, which is also confirmed by higher content of Ca2+ 
over Mg2+. 
The middle horizons B and BC are very poor due to the low content of 
humus, 2.58% and 1.33% respectively. CEC capacity decreases here, which can 
be explained by more coarse soil texture of the horizons. The soil texture of two 
mineral layers is sandy loam, the content of sand increases in the adjacent to 
bedrock horizon BC. However, the content of clay is slightly lower in the 
horizon B than BC, which points to the pedogenic weathering processes (Table 
18). In contrast to CEC, base saturation is higher. The horizon BC is more 
compact than the horizon B. This is also reflected by the higher content of Mg2+ 
cations in BC horizon.  
The main soil-forming processes are organic materials accumulation and 
their humification, the bedrock disintegration as the result of physical 
weathering and weak cryogenic processes, which are very typical for the 
extreme continental Baikal Siberian climate. 
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Table 17. Soil properties of Lithozem 
Depth 
 
рН Са2+ 
mg eq/gr 
Mg2+ 
mg eq/gr 
Н hydrolytic 
mmol/100 gr. 
CEC 
 
BS Humus, % Ash 
content, % 
P 
mg/kg 
K 
mg/kg 
Exchang. 
acidity 100g 
N,% C,% 
H2O KCl   
     
AO (0 – 6) 5.4 4.3 6.5 2.9 21.9 31.3 30 14.75 69.11 508 500 0.90 0.10 8.6 
B (5–9/12) 5.5 3.6 3.3 1.8 5.14 10.24 49.8 2.58 - 149 82 1.75 0.04 1.5 
BC (9/12-27) 5.4 3.7 3.4 3.1 4.92 11.42 60 1.33 - 251 146 1.80 0.01 0.8 
 
Table 18. Soil texture of Lithozem 
Depth 1-0.25 mm 0.25-0.05 mm 0.05-0.01 mm 0.01-0.005 mm 0.005-0.001 mm > 0.001 mm > 0.01 mm name 
AO (0-5) - - - - - - - - 
B (5-9/12) 34.59 40.34 11.55 4.40 7.60 1.52 13.52 sandy loam 
BC (5-27) 30.67 45.99 12.41 3.91 2.54 4.48 10.93 sandy loam 
 
 
Fig. 18 Lithozem
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Soil Profile 2 (SP2) 
Location: 105 m away from SP1; 1 km away from Lake Baikal coastal 
line; 600 m away from the regional road Ulan-Ude-Kurumkan in the south-west; 
3.5 km away from Maksimikha in the west 
Altitude: 605 m 
Coordinates: 53°16'17.60"N, 108°41'53.53"E 
Landform: the transitional part of the Katkovskaya mountain ridge; the 
slope of the north-eastern aspect with an angle of 300 
Vegetation: mixed coniferous forest; tree layer – Populus tremula, Betula 
pendula, Abies sibirica, Pinus sibirica, Larix sibirica; in shrub layer – Sorbus 
sibirica, Lonicera palasii; herb-moss layer – Vaccinium vitis-idaea, 
Calamagrostis obtusata, Bergenia crassifolia, Maianthemum bifolium, Carex 
macroura, Ptilium crista-castrensis, Pleurozium schreberi, Hylocomium 
splendens 
O (0-4) – moist, ground litter composed of pine-needles, offshoots of 
plants and strobiles 
AO (4-10) – fresh; sandy loam texture; cloddy granular structure; friable; 
brownish-greyish colour; Munsell colours: dry – hue 7.5 YR, value 3, chroma 3; 
moist – hue 7.5 YR, value 4, chroma 4; inclusions of coals, herb and tree roots; 
slightly wavy transition distinguished by colour 
BM (10-36) – fresh; silt loam texture; nutty structure; puddled; ochreous-
brownish colour; Munsell colours: dry – hue 10YR, value 6, chroma 4; moist – 
7.5 YR, value 2, chroma 2; inclusions of gravels, herb and tree roots; transition 
distinguished by colour and density of soil 
BM2 (24-36) – fresh; silt loam texture; nutty structure; puddled; 
yellowish-brownish colour with inclusions of gravels; Munsell colours: dry – 
hue 10YR, value 7, chroma 3; moist – 10YR, hue 4, chroma 6; transition 
distinguished by colour and density of soil 
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C (36-50) – fresh; silt loam texture; nutty structure; significantly puddled; 
brownish-yellowish colour; Munsell colours: dry – hue 7.5YR, value 5,chroma 
4; moist – 7.5 YR, value 4, chroma 4; inclusions of gravels; rare occurrence of 
roots 
Soil reference group: Brown Soil (Fig. 19) 
The identification of Brown soils is based on the features of topsoil 
organic horizon with thickness 10-25 cm with brown hues. The Brown soil of 
the studied area is characterized by the weak differentiation of the middle 
mineral horizons and its maximum clay deposition there (Table 20). The soil 
belongs to the extremely acidic soil type with average value – pH 3.5 (Table 19). 
Soil is well-drained. 
The topsoil horizons include two types of organic matter. The upper O 
horizon represents raw organic material, which is humified at the depth 4-10 cm 
in the horizon AO. The organic matter content is high – 14.67%. Cations of Ca2+ 
prevail over Mg2+, which explains the soil porosity of the horizon. CEC and BS 
have the highest values here; however, they are low throughout profile.  
The middle mineral horizons BM and BM2 have low values of CEC and 
BS despite their fine silt loam texture. One of the criteria that were used to 
identify their differentiation was the soil density. Closer to the parent material, 
soil is becoming more compact. However, it is not reflected by the content of 
Mg2+ cations. The content of Ca2+ and Mg2+is relatively equal, 1.5 and 1.1 
respectively.  
The parent material C has the highest content of Ca2+ and Mg2+, 
consequently the highest value of BS. It is well-drained.  
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Table 19. Soil properties of Brown Soil 
Depth 
 
рН Са2+ 
mg eq/gr 
Mg2+ 
mg eq/gr 
Н hydrolytic 
mmol/100 gr. 
CEC 
 
BS Humus,% Loss-on-
ignition,% 
P, 
mg/kg 
K, 
mg/kg 
Exchang. 
acidity,100 g 
N,% C,% 
H2O KCl   
     
AO (4-10) 5.4 4.0 3.9 1.3 18.3 23.5 22 14.67 71.32 610 310 1.50 0.11 8.5 
BM (10-24) 5.0 3.5 1.5 1.1 17.1 19.7 13.2 2.47 - 1184 60  5.77 0.04 1.4 
BM2 (24-36) 5.2 3.5 1.5 1.1 10.1 12.7 20.5 1.97 - 317 74  4.45 0.03 1.1 
C (36-50) 4.9 3.1 6.9 4.5 10.5 21.9 52 0.94 - 302 20 4.27 0.04 0.54 
Table 20. Soil texture of Brown Soil 
Depth 1-0.25 mm 0.25-0.05 mm 0.05-0.01 mm 0.01-0.005 mm 0.005-0.001 mm > 0.001 mm > 0.01 mm name 
AO (4-10) - - - - - - - - 
BM (10-24) 23.19 26.17 24.42 6.94 9.42 9.86 26.22 Silt loam 
BM2 (24-36) 21.18 26.11 23.15 7.11 10.15 12.17 28.35 Silt loam 
C (36-50) 18.85 25.09 22.59 7.53 11.93 14.01 33.47 Silt loam 
 
Fig. 19 Brown Soil 
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Soil Profile 3 (SP3) 
Location: 1 km away from Goryachinsk in the south-east; 300-400 m 
away from the regional road Ulan-Ude-Kurumkan in north-west; 3 km away 
from Lake Baikal coastal line  
Altitude: 465 m 
Coordinates: 52°59'14.35"N, 108°19'43.48"E 
Landform: the slope of the south-western aspect with an angle of 30; the 
foot of the Chernaya Griva mountain; slight elevation changes in the 
microtopography 
Vegetation: scots pine forest mixed with Siberian pine in the tree layer; 
shrub layer – Rhododenron dauricum, pines undergrowth; ground cover –
fruticose lichens with ericaceous sub-shrub of Vaccinium vitis-idaea, 
Arctastophyllos uva-ursi, Pulstatilla turczaninovii, Empetrum nigrum; 50% 
plant coverage  
AO (0-6) – fresh, prehumic unconsolidated ground litter, predominantly 
composed of debris of mosses and ericaceous sub-shrubs; loamy sand texture; 
brownish grey colour; transition distinguished by texture; slightly wavy 
boundary 
A1A2 (6-12) – fresh, puddled by numerous plants roots; cloddy structure; 
loamy sand texture; greyish-whitish colour; transition distinguished by colour; 
wavy boundary 
BF (12-54/55) – moist; sandy texture; cloddy structure, very puddled due 
to ferric oxide; ochreous colour with a number of bright ochreous spots saturated 
by ferric oxide; high concentration of tree roots; transition distinguished by 
colour; slightly wavy boundary 
B2 (54/55-80) – moist; structureless; sandy texture; whitish colour with 
ochreous spots; less puddled than the preceding layer Bs; singular roots; gradual 
transition distinguished by colour; smooth boundary 
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BC (800-130) – moist; yellowish ochreous colour; layered; more 
consolidated than the CBw layer; sandy 
Soil reference group: Soddy Brown Forest Weakly-Podzolized Soil (Fig. 
20) 
Identification of Soddy Brown Forest soils is based on the combination of 
topsoil humus horizon with middle illuvial-rusty horizon BF with yellowish-
brown hues. The profile morphological structure points to the formation of the 
thick and moderately decomposed ground litter with weak humification and 
humus accumulation. Also, soil is characterized by the weak podsolization and 
pedalferic (Al-Fe) compounds accumulation. Pedalferic (Al-Fe) processes are 
typical for this soil type and it is usually accompanied by the formation of the 
light horizon in the upper part of the profile. Such a horizon is the result of 
podsolization, when mineral fractions of a humus horizon bleaching caused by 
leaching soluble elements, commonly Al and Fe, and their accumulation in a Bs 
horizon that acquires ochreous hues, as a result. Soddy Brown Forest soil of the 
studied area is strongly acidic with pH value – 4.6 throughout profile (Table 21).  
Commonly, Soddy Brown Forest in boreal pine forests are nutrient poor 
soils with organic matter content less than 3%. In our case, the topsoil humus 
horizon contains 4.01% of organic matter. Due to the loamy sand soil texture 
CEC value in higher in topsoil horizons.  
Mineral horizons have equal low content of Ca2+ and Mg2+. The BS is 
higher here than in topsoil. However, due to the coarse sand texture CEC value 
is extremely low – 2.30 throughout mineral horizons. The horizon BC preserves 
a stratified layered structure due to materials aggregation. In the layers 
boundary, ortsands form. 
Moderately high content of clay fractures in horizon A1A2 and BF points 
to the active weathering and pedogenic processes (Table 22). 
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Table 21. Soil properties of Soddy Brown Forest Weakly-Podzolized Soil 
Depth, сm 
 
рН Са2+ 
mg eq/gr 
Mg2+ mg 
eq/gr 
Н hydrolytic, 
mmol/100 gr. 
CEC BS Humus, % Ash, % N, 
% 
P 
mg/kg 
K  
mg/kg 
С, % С/N 
 H2O KCl     
      
AO (0 – 6) 4.8 3.9 2.0 1.5 10.5 14 25.0 - 9.03 0.57 56 86   
A1A2 (6 – 12) 5.2 4.2 0.6 0.5 3.96 5.06 21.7 4.01 - 0.25 42 31 2.33 10.9 
BF (12 – 35/54) 5.8 4.6 1.5 0.6 2.25 4.35 48.3 0.78 - 0.43 44 34  0.45 1.22 
B2 (54/55 – 80) 6.1 5.0 0.5 0.12 0.63 1.25 49.6 0.12 - 0.32 41 20 0.07 2.26  
BC (80 – 130) 6.3 5.4 0.4 0.12 0.53 1.05 49.5 0.06 - 0.06 101 18  0.03 0.59  
Table 22. Soil texture of Soddy Brown Forest Weakly-Podzolized Soil 
Depth Soil fraction, mm (%) Name 
1-0,25 
 
0,25-0,05 
 
0,05-0,01 
 
0,01-0,005 
 
0,005-0,001 
 
<0,001 
 
<0,01 
 
 
>0,01 
 
 
A1A2(6 – 12) 61.88 22.06 5.45 2.27 4.06 4.28 10.61 89.39 Loamy sand 
BF (12 – 54/35) 61.85 25.32 2.27 1.62 4.26 4.68 10.56 89.44 Loamy sand 
B2 (54/55 – 80) 82.09 15.22 0.12 0.44 1.36 0.77 2.57 97.43 Sand 
BC (80 – 130) 83.34 14.85 0.69 0.4 0.6 0.12 1.12 98.88 Sand 
 
Fig. 20 Soddy Brown Forest Weakly-Podzolized Soil
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Soil profile 4 (SP4) 
Location: 2000m away from SP3 in the south; 2200 away m from 
Goryachinsk in the east; 1300 m away from the regional road Ulan-Ude-
Kurumkan in the north; 700 m away from the electrical line and 2000 m from 
Lake Baikal coastal line in the south 
Altitude: 476 m 
Coordinates: 53°00'12.12"N, 108°19'30.24"E 
Landform: depression towards Lake Baikal; river Talovka valley; 
Sphagnum hummocks with elevation changes up to 20 cm; excessively moist 
habitat 
Vegetation: fen communities with 100% of Sphagnum-Hypnum mosses, 
Spagnum warnstorfii, Aulacomnium palustre, Tomenthypnum nitens; shrub layer 
– high presence of Betula nana subsp. rotundifolia, Andromeda polifolia; herb 
layer – Carex diadra, C. rostrata, C. lasiocarpa, C. limosa, Oxycoccus palustris, 
O. microcarpus, Rubus chamaemorus, Drosera rotundifolia 
T1 (0-10) – moist; friable; slightly decomposed peat; light brownish 
colour; light brownish water squeezing out; wavy transition distinguished by the 
level of decomposition 
T2 (10-46) – moist; puddled; light brownish colour; light brownish water 
squeezing out; uneven coloured peat; light spots of prehumic mosses, dark spots 
of moderately decomposed sedges; roots inclusions, up to 46 cm long; smooth 
transition by colour 
T3 (46-75) – moist; moderately decomposed peat; puddled; dark-
brownish colour; dark greyish water squeezing out; rare occurrence of roots; 
ground water at the depth of 70 cm 
Soil reference group: Fen Peat Soil (Fig. 21)  
Peat soil identification is based on the presence of thick (more than 50 
cm) peat horizon. This type of soils is formed as a result of accumulation of 
peat, which is composed of wetland vegetation, especially, Sphagnum and Carex 
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species. Biochemical processes of humification are very slow due to low 
temperatures and longstanding overflow. SP4 is performed in the slight 
depression of the plain part of the studied area and limited by the level of the 
ground water. The average ash content is 10.35% throughout profile (Table 23). 
So that, the peat soil of the studied area belongs to mesotrophic soil type.   
Soil profile of the studied area includes three horizons, which represent 
different levels of organic matter decomposition. With the depth the colour of 
horizons changes from yellowish-brown to dark-brown.  
The topsoil T1 horizon is formed by a prehumic mossy mat and 
undecomposed Sphagnum species that can be identified by a detailed 
professional examination. The middle horizon contains the highest percentage of 
ash content – 20.72%, which can be explained by the silting of organic matter 
and presence of coarser mineral particles. Also, this horizon contains moderately 
decomposed sedges, which usually affect the ash content, making the percent 
higher.  
The main chemical measures are obtained for the most decomposed deep 
horizon H3, which has strongly acidic with pH value – 5.4. CEC is very high, 
however BS is low. The horizon T3 is not compact. The cations of Ca2+ prevail 
over Mg2+. 
Table 23. Soil properties of Fen Peat Soil 
Horizon T3 
. 
Fig. 21 Fen Peat Soil 
рН H2O/ KCl 6.1/5.4 
Са2+ mg eq/gr 8.3 
Mg2+ mg eq/gr 4.3 
Н hydrolytic, 
mmol/100 gr. 
171 
CEC 183.9 
BS 6.9 
Ash, % T1-5,63/ T2-20.72/ T3-4.67 
N, % T1-1.01/ T2-1.03/ T3-1.68 
P, mg/kg 55 
K, mg/kg 17 
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Soil Profile 5 (SP5) 
Location: 1800 m away from SP3 in the north-east; 1250 m away from 
Goryachinsk in the east; 240 m away from the electrical line in the south 
Altitude: 477 m 
Coordinates: 52°59'53.36"N, 108°18'33.05"N   
Landform: depression towards Lake Baikal; very gentle north-western 
slope of Chernaya Griva with an angle of 10; Sphagnum and Carex hummocks 
with elevation changes up to 40 cm; excessively moist habitat  
Vegetation: forested bogs; tree layer and undergrowth –Pinus sibirica, 
Larix sibirica, Betula pendula; shrub layer – Ledum palustre, Andromeda 
polifolia; herb layer – typical wetland species, Oxycoccus palustris, Menyanthes 
trifoliata, dense ceonopopulations of Calamagrostis neglecta, Glyceria 
spiculosa, Carex lasiocarpa, C. limosa, C. cespitosa; herb layer – typical taiga 
species, Pyrola asarifolia, Athyrium filix-femina; moss layer – Sphagnum 
species, especially, S. angustifolium and S. fuscum 
A0t (0-8) – moist ground litter; friable peat; matted with grass roots; 
brownish colour; large number of roots inclusions; very wavy transition 
T(8-49) – moist blackish-brownish peat; moderately decomposed; cloddy 
structure; puddled; blackish water squeezing out; the presence of peat plants and 
wood debris; large number of roots, 20 cm long; smooth transition distinguished 
by colour and texture 
G (49-75) – very moist, sand texture; structureless; blue-grey colour; 
inclusions of mica and char plants; ground water at the depth of 73 cm 
Soil reference group: Peat Gleyzem (russ. zem – soil; Fig. 22) 
The identification of Peat Gleyzem is based on the presence of the peat 
horizon above the gley horizon. If peat horizon does not exceed 50 cm, soil is 
identified as Peat Gleyzem. The landform and bog vegetation are crucial in the 
formation of this type of soil.  
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In contrast to preceding Fen Peat soil, SP5 decomposed organic materials 
include more residues of sedges than Sphagnum. The soil is oligotrophic and 
strongly acidic. The ash content in peat horizons is 6%. The pH is 5.5 
throughout profile. The soils are fed by the ground water and the waters from 
the mountains slopes. Acid pH, high hydrolytic acidity, shortage of N and K 
alongside with a moderate amount of P contributes to relatively specific 
vegetation formation with the dominance of trees and sedges (Table 24). Such 
plant communities with a strongly marked tree layer are defined as unique 
Siberian bogs (Lapshina 2004, 2010).  
The topsoil A0t and peat horizon T have high CEC value. Peat is porous, 
which is also confirmed by the higher content of Ca2+ over Mg2+. Base 
saturation is low. The content of N is high.  
The gley horizon G is characterized by coarse sand texture. Consequently, it 
has low percent of organic matter 0.44% and very low CEC.  
Table 24. Soil properties and texture of Peat Gleyzem 
Horizon  A0t T G Sand 
texture 
G horizon 
(mm, %) 
 
Fig. 22 Peat Gleyzem 
рН H2O/ KCl 6.6/5.8 6.1/5.8 6.3/5.6 1-0.25 74.72 
Са2+ mg eq/gr 15.6 10.4 1.6 0.25-
0.05 
20.63 
Mg2+ mg eq/gr 7.5 2.9 1.9 0.05-
0.01 
2.6 
Н hydrolytic, 
mmol/100 gr. 
145 168 0.66 0.01-
0.005 
0.36 
CEC 168.1 181.3 4.16 0.005-
0.001 
0.97 
BS 13.7 7.3 84.1 <0.001 0.172 
Ash, % 8.94 3.94 - <0.01 2.05 
N, % 2.38 2.05 0.25 >0.01 97.95 
P, mg/kg 66 54 27  Sand 
K, mg/kg 38 22 14   
C, % - - 0.26   
C/N - - 1.22   
Humus,% - - 0.44   
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Soil Profile 6 (SP6) 
Location: 200 m away from Lake Baikal in the south; 500 m away from 
Goryachinsk in the east 
Altitude: 460 m 
Coordinates: 52°59'28.03"N, 108°17'4.91"E 
Landform: Aeolian dunes near the coastal line  
Vegetation: mixed coniferous forest; tree layer–Pinus sibirica, Pinus 
sylvestris, Larix sibirica; shrub layer – Rhododenron dauricum; herb and moss 
layers – Maiathemum bifolium, Empetrum nigrum, Cladonia species, 
Pleurozium shreberi, Vaccinium vitis-idaea 
A0 (0-2) – prehumic ground litter; composed of pine needles; pulvered 
structure; transition distinguished by colour and texture 
A1 (2-7) – dry sand; medium sand texture; pulvered structure; light 
greyish whitish colour; inclusions of roots, mainly moss rhizoids and coal; 
transition distinguished by colour and texture 
BC (7-80) – moist; medium sand texture; structureless; pale-yellowish 
colour with ochreous spots; large number of mica inclusions; rare tree roots; 
ochreous spots around roots ways out 
Soil reference group: Psammozem (greek psammos – sand, russ. zem – 
soil; Fig. 23) 
The Psammozem soil type is identified by a thick profile which has a sand 
texture and a weakly developed upper humus horizon. The texture of 
Psammozems is an important diagnostic feature. Commonly, Psammozems have 
a fine sand texture in a mineral horizon; hence, a humus horizon contains 12 
times more clay fractions than a parent material. In the territory under study, an 
80 cm deep soil profile is performed, which includes three horizons of 
undecomposed ground litter (2cm), a thin humus layer (2-7cm), which directly 
goes to the parent material (7-80 cm). The parent material is well-graded aeolian 
sands. The humus horizon has the features of decelerating podsolization. The 
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organic material of Psammozems in Baikal Siberia is represented by humus 
types, mor, and moder. Generally, Psammozems are poor soils, humus and 
mineral horizons contain 1.91% and 0.11% of organic matter respectively. Sand 
texture contributes to the extremely low CEC values (Table25). pH is strongly 
acidic – 4.9 throughout profile. The horizon BC is compact, which is also 
confirmed by higher Mg2+ cations. The main soil-forming processes are low 
accumulation of organic material and its humification, and slow metamorphism 
of inorganic matter. 
Table 25. Soil properties and texture of Psammozem 
Horizon  A1 BC Sand 
texture 
A1 
(mm,%) 
BC 
(mm,%) 
 
Fig. 23 Psammozem 
рН H2O/ KCl 5.8/4.4 5.9/5.4 1-0.25 50.78 67.13 
Са2+ mg eq/gr 0.2 1.0 0.25-
0.05 
42.86 31.23 
Mg2+ mg eq/gr 0.3 2.5 0.05-
0.01 
3.46 1.06 
Н hydrolytic, 
mmol/100 gr. 
2.62 0.71 0.01-
0.005 
0.6 0.16 
CEC 3.12 4.21 0.005-
0.001 
1.01 0.32 
BS 16.0 83.1 <0.001 1.29 0.1 
Humus, % 1.91 0.11 <0.01 2.9 97.1 
N, % 0.24 0.06 >0.01 0.58 99.42 
P, mg/kg 84 293  Medium 
sand 
Medium 
sand K, mg/kg 38 22  
C, % 1.11 0.63  
C/N 5.41 12.3  
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Soil Profile 7 (SP7) 
Location: near derelict airport of Goryachinsk; 50 m away from the 
Cheremshanka river; 3000 m away from Goryachinsk in the east; 700 m away 
from Lake Baikal; 350 m away from the electrical line in the north-west  
Altitude: 463 m 
Coordinates: 53°00'36.04"N, 108°18'49.52"E 
Landform: narrow valley of the Cheremshanka river; gentle slope with an 
angle of 50 
Vegetation: mixed coniferous forest with meadow and taiga species; tree 
layer – Pinus sibirica, Abies sibirca, Betula pendula, Pinus sylvestris; shrub 
layer – Ribes nigrum, Rhododenron dauricum, Spiraea salicifolia; herb layer – 
Carex lasiocarpa, Aquilegia sibirica, Cardamine macrophylla, Vaccinium vitis-
idea 
AY (0-5/6) – fresh; puddled; dark grayish-brown colour; in Munsell 
colours: dry – hue 5YR, value 3, chroma 2; moist – 2.5 YR, value 3, chroma 2; 
layered; smooth transition distinguished by colour and texture 
BFM (5/6-25/54) – moist; sandy loam texture; pulvered cloddy structure; 
puddled; dull reddish brown; in Munsell colours: dry – hue 5YR, value 4, 
chroma 4; moist – hue 5YR, value 2, chroma 4; inclusions of coal; ferruginized 
BFM2 (25/54-73/74) – very moist; sandy loam texture; pulvered cloddy 
structure; puddled; uneven colour; mainly brown; in Munsell colours: dry – hue 
7.5YR, value 4, chroma 4; moist – hue 7.5YR, value 3, chroma 2; cryogenic 
spots; coal inclusions; very rare roots; smooth transition distinguished by colour 
C (73/74-102) – very moist; sand texture; structureless; puddled; 
yellowish-grayish colour; layered(layer of light yellowish sand and layer of blue 
greyish sand); in Munsell colours: dry – hue 2.5YR, value 6, chroma 2; moist – 
hue 10YR, value 4, chroma 3; inclusions of rocks 10-20-30 cm diameter 
Soil reference group: Rzhavozem (russ. rzhavo – rusty, zem– soil; Fig. 24) 
82 
 
The identification of Rzhavozems is based on the combination of the 
topsoil dark grayish humus horizon AY with the mineral rusty-metamorphic 
horizon BFM. The deep penetration of humus into mineral horizons is also 
typical (1.5% to 3%). The soil is permanently water supplied; however, it is well 
drained due to the aggregates porosity. Also, it can be explained by the parent 
polymineral sands, which contributes to the free inner drainage and oxidative 
conditions. Rzhavozems are very porous soils and have satisfactory aeration. 
Soil is very strongly acidic with pH value 4.8 throughout profile (Table 26).  
The topsoil horizon AY is characterized by high percent of organic matter 
content – 14.3and the highest value of CEC. The horizon is porous, the cations 
of Ca2+ prevail over Mg2+.The rusty-metamorphic mineral horizons BFM and 
BFM2 contain more coarse sand fractions and consequently they have low CEC 
value – 11.25. The horizons are porous and well-drained, which is confirmed by 
low content of Mg2+ throughout horizons – 0.3. However, the soil texture 
analysis reveals that the parent material contains two times more coarse sand 
and tree times less clay fractions than the metamorphic horizons B (Table 27). 
This shows that clay accumulation takes place, which points to the active 
pedogenic weathering processes. The main soil-forming processes include 
humification, humus accumulation, and argillization in the middle part of the 
profile. 
As it was mentioned in the Methods chapter (III.4) to investigate the soil 
diversity of the whole studied area was not the aim of the research. To cover the 
studied area by the bigger number of soil profiles turned to be impossible due to 
the research timeframe. We decided to perform soil profiles in the most typical 
vegetation types, which were identified by the author and the group of soil 
scientists. Thus, the figure 25 demonstrates the approximate relation between the 
soil types and the vegetation phytosociological units. In addition, it shows their 
changes along the altitudinal gradient. The transect goes from the north-west to 
the south-east. 
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Table 26. Soil properties of Rzhavozem 
Depth рН Са2+ 
mg eq/gr 
Mg2+ 
mg eq/gr 
Н hydrolytic 
mmol/100 gr. 
CEC BS Humus,% Ash 
content,% 
P 
mg/kg 
K 
mg/kg 
Exchan. 
acidity 100g 
N, 
% 
C, 
% 
H2O KCl   
     
АY (0-5) 4.8 4.5 4.6 1.3 20.4 26.3 22.4 14.3 78.04 140 320 0.55 0.11 8.3 
BFM(5/6-25/54) 5.7 4.7 6.8 0.3 3.48 10.58 67.1 2.51 - 7 38 0.70 0.01 1.5 
BFM2 (25/54-62/66) 6.1 4.9 9.1 0.3 2.62 12.02 78.02 1.29 - 10 32 0.65 0.01 0.7 
C (62/64-62/102) 6.0 5.0 1.4 0.8 0.56 2.76 79.7 0.45 - 33 10 0.35 0.01 0.3 
Table 27. Soil texture of Rzhavozem 
Depth 1-0.25 mm 0.25-0.05 mm 0.05-0.01 mm 0.01-0.005 mm 0.005-0.001 mm > 0.001 mm > 0.01 mm name 
AY (4-10) - - - - - - - - 
BFM (10-24) 40.61 34.57 4.48 3.25 6.11 10.98 20.34 Sandy loam 
BFM2 (24-36) 45.56 26.59 7.28 4.42 5.44 10.71 20.57 Sandy loam 
C (36-50) 84.34 10.44 0.97 0.48 0.16 3.61 4.25 Sand 
 
Fig. 24 Rzhavozem
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Fig. 25 Transect. Communities of 1 – Calamagrostio obtusatae-Abietetum sibiricae ass. on the Lithozem; 2 – Calamagrostio 
obtusatae-Laricetum sibiricae ass. on the Brown Soil; 3 – Calamagrostio epigei-Pinetum sylvestris ass. on the Soddy Brown 
Forest Weakly-Podzolized Soil; 4 – Aconito rubicundi-Abietion sibiricae all. on the Rzavozem; 5 – Sphagno warnstorfii-
Betuletum nanae ass. on the Fen Peat Soil; 6 – Chamaedaphno-Pinetum sibiricae ass. on the Peat Gleyzem; 7 –Transition 
between Maianthemo bifolii-Pinetum sibiricae ass. and Craniospermo-Leymetum secalini ass. on the Psammozem. 
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V. DISCUSSION 
V.1. Flora of the studied area 
The flora of the studied territory belongs to the South-Buryat floristic 
area, in particular, to the floristic center of the Ulan-Burgasy including the 
Golondinskiy, the Kurbinskiy mountain ranges and the north-eastern part of the 
Khamar-Daban mountain range (Chepinoga 2009). Comparing the spectrum of 
the multispecies families of the Ulan-Burgasy floristic center with that of the 
studied area, we reveal a similar allocation of the families with the leading 
positions of Poaceae, Asteraceae, Rosaceae, Cyperaceae, Fabaceae, Salicaceae, 
Caryophyllaceae (Pykhalova 1999). A big number of species in these six 
families is typical for the Baikal Siberian flora (Malyshev & Peshkova 1984). 
However, in contrast to the Ulan-Burgasy and the Baikal Siberian flora, the 
family Equisetaceae is not in the top ten of the leading families. From our point 
of view, this fact is related to the size of the compared flora territories. The 
studied territory of the Katkovskaya mountain range is 432 km2 as opposed to 
26000 km2 of the Ulan-Burgasy area. In the Baikal Siberian flora, Equisetaceae 
family is not competitive at a larger scale as it is represented by only eight 
species. In the studied flora, we identify seven species of the Equisetaceae 
family, which is sufficient for being in the top ten leading families. In addition, 
it is necessary to mention, that Brassicaceae, Scrophulariaceae and Lamiaceae 
are absent from the leading families spectrum. However, they take places 7, 9, 
and 10 respectively in the Ulan-Burgasy and the Baikal Siberian leading 
families spectrums. We relate the absence of Brassicaceae family from the list of 
the leading families to the Katkovskaya landform. The species of Brassicaceae 
family within Baikal Siberia tend to grow in highlands; however, the studied 
territory does not provide suitable habitat conditions due to low and medium 
altitudes. The species of Lamiaceae family are mostly typical for the steppe 
communities, which are widespread in Baikal Siberia. The studied territory does 
not border with the steppe belt; moreover, it is located in the light-coniferous 
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forest belt. The absence of Scrophulariaceae family in the leading position is 
also explained by a smaller area size. As for the leading genera, they have 
26.3% of the total number of the species. Two genera, Carex and Sphagnum, 
have more than ten species each. The leading position of Carex and Salix genera 
characterizes the flora as boreal (Urtcev 1968).  
The quantitative analysis of the flora systematical structure can reveal 
specific peculiarities of a florogenesis. The biggest number of the species is 
allocated within a limited range of families. Ten leading families have 59% of 
the total number of the species. Such species allocation is typical for the 
territories, the climatic conditions of which are considered as severe (extreme). 
Their systematical structure is simple, and the top ten leading families comprise 
the biggest number of the species (Tolmachev 1974, 1986).    
In addition, Tolmachev (1974) states that autochthonous speciation 
inevitably leads to increasing number of species within a priori existing genera. 
However, flora can be enriched by means of immigrating species from adjacent 
territories. It can be in a form of increasing species number within existing 
genera. Or, in contrast, the flora can be frequently enriched by new genera with 
singular species that are not typical for the existing flora (Tolmachev 1974). In 
the studied flora, the multispecies genera comprise only 26.3% of the species. 
The genera that have three, two, and one species comprise 73.7% of the total 
number of the species. The high percentage of the genera with a little number of 
species points to allochthonic tendencies of the florogenesis. Hence, the studied 
flora is the result of species immigration from the adjacent territories and its 
enrichment by new genera. 
The flora of the studied area is represented by four main terrestrial 
floristic complexes of the Earth. The main factors of species richness are 
climatic conditions and heterogeneity of the studied area. Lake Baikal water 
body contributes to the diversity of mesophytic and hygrophytic forest types. 
Accumulative wave activity preserves xerophytic coastal vegetation. Close 
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ground water occurrence and permafrost conserves wetlands in the plain part of 
the studied site.  
The dominance of the forest species (50.6%) results from the territory 
under study being mainly covered by forest vegetation. The high percentage of 
azonal species (28.3%) indicates the presence of wetlands (Table 7). 
The dominance of the light-coniferous forest group is obvious; it is 37.8% 
of the total species number, which entirely corresponds to the location of the 
area within the zonal light-coniferous taiga. The species of the dark-coniferous 
forest are relatively numerous (10.4%). The river valleys and the tops of the 
mountain ridges create suitable conditions for the dark-coniferous forests. The 
preboreal group (2.4%) includes species from the deciduous forests; they are 
located on the border of the forest and steppe zones of Baikal Siberia. However, 
the number of preboreal species of the Katkovskaya flora is small due to the 
dominance of the zonal coniferous taiga in the area under study. The alpine and 
mountain floristic groups are represented by those of alpine (1.6%), mountain-
forest (4.8%), and tundra-alpine (0.8%). The wetlands are the main source of the 
tundra-alpine and alpine species. 
The steppe species comprise12.7% and are represented by the species of 
mountain-steppe (2.4%), forest-steppe (6%), steppe (4%), and desert-steppe 
(0.4%). As a biome, steppe is not represented within the studied area. However, 
we explain the medium percentage of steppe species (12.7%) by their inhabiting 
aeolian deposits on the coast of Lake Baikal. In addition, the location of the 
Katkovskaya mountain range on the border of the forest-steppe zone results in 
invasion of steppe species. 
The leading position of an azonal floristic complex is the result of 
occurrence of wetland sites and well-developed net of rivers creating necessary 
ecological conditions; they are wetland (19.5%), meadow (7.2%), and flood 
plain (1.2%) species. 
